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Abstract 
This thesis consists of two parts. 
Part I Selective carbon-carbon bond activation (CCA) of C(C=0)-C(a) bonds of 
ketones was found in the reactions with high valent Ir(ttp)Cl(CO) and Ir(ttp)Me. Both 
Ir(ttp)Cl(CO) and Ir(ttp)Me reacted with ketones in solvent-free conditions at 200 °C to 
give aryl and acyl iridium complexes in moderate to good yields. Mechanistic studies 
suggested that Ir(ttp)Cl(CO) first ionized to give Ir(ttp)+ as an intermediate while 
Ir(ttp)Me likely underwent either oxidative addition or sigma-bond metathesis pathway. 
Preliminary experimental results suggested that the aromatic carbon-hydrogen bond 
activation (CHA) products observed in both systems were not the intermediates. 
Part II: Novel C6o-Ir(ttp)Me supramolecular complexes with 1:1, 2:1 and 3:1 
Ir(ttp)Me:C6o stoichiometrics were synthesized. The half-sandwich and 
triangular-sandwich complexes obtained were characterized by both spectroscopic 
techniques and single crystal x-ray analyses. 
V 
摘要 










Part I Carbon-Carbon Bonds Activation (CCA) of Ketones by Iridium 
(III) Porphyrins 
Chapter 1 General Introduction 
1.1 Carbon-Carbon Bonds Activation by Transition Metals 
Carbon-Carbon bond activation (CCA) by a transition metal complex in a 
homogeneous medium is an active research area due to its fundamental importance and 
relevancy to industrial appl ica t ions� In an organic substrate, CCA is usually less 
competitive than the more facile carbon-hydrogen bond activation (CHA) as carbon 
hydrogen bonds are sterically more accessible and statistically more abundant� 
Transition metal complexes have been shown to activate C-C bonds in heterogeneous 
conditions and at high temperature. However, the cleavage process is not selective.� 
There are abundant examples of successful CCA with low valent transition metal 
complexes. In contrast, high valent late transition metal complexes for CCA are much 
less reported. Thus, the development of selective activation of C-C bonds under mild 
conditions in homogeneous media by high valent late transition metal complexes is of 
great challenge.] 
1.2 Thermodynamic and Kinetic Considerations in CCA 
Comparing with CHA, examples of C-C bond activation are less frequently 
observed.2’3’4 There are some reasons, mainly kinetic in nature, that favor C-H bond 
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activation over C-C bond activation. Both kinetic and thermodynamic reasons are 
considered below. 
The kinetic barrier of CCA is higher than that of CHA. Usually, a C-C bond is 
surrounded by hydrogens or other heteroatoms; therefore, due to repulsive steric 
interaction of these ligands with reagents, the C-C bond is sterically less accessible upon 
approached by a transition metal center.]’^ 
Although CCA is kinetically unfavorable over CHA, it is thermodynamically 
possible.2，3’4 Generally, an aliphatic C-C bond is stronger than an M-alkyl bond (Table 
1.1). 2，5 
Table 1.1 Bond Dissociation Energies of M-C and C-C Bonds 
Bond type BDE (kcalmol"') 
Aliphatic C - C ^ “ 
M-alkyl 40-45''^ row transition metals), 60-70' (2"�and rows transition metal) 
From the thermodynamic aspect, the energy gained by the formation of two M-C 
bonds is greater than the cleavage of a single C-C bond (i.e. M + C-C -> C-M-C). From 
the kinetic aspect, it was calculated that for first-row (3d) late transition metal atoms, the 
activation energies for insertion into the C-C bond is higher than the case of second row 
(4d) late transition metals.'^^ Moreover, the energy gain from relief of ring strain or 
aromatization also facilitates C-C bond cleavage，The following section provides a short 
review of the examples of CCA. 
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1.3 C-C Bonds Activation by Low Valent Transition Metal Complexes 
1.3.1 CCA in Strained System 
Cassar and Halpern introduced an important early example of CCA in a severely 
strained system7 [Rh(CO)2Cl]2 underwent insertion into the strained four-membered ring 
C-C bond of cubane by oxidative addition (Scheme 1.1). 
2 ^ + [Rh(CO)2CI]2 CHC;3o : � � C ‘ 2 ^ 
9 0 % 
Scheme 1.1. C C A of cubane with [Rh(CO)2CI]2 
Cyclopropanes also reacted with [Pt(C2H4)Cl2]2to form the tetrameric platina(IV) 
cylcobutanes. Subsequent addition of pyridine provided the monomer in good yield 
(Scheme 1.2)8. 
[{Pt(C.H,)CI,},] + I Et 广 气 [ C k p t 今 , 叫 L . C l \ � 今 R 
八 3h C|Z V 4 few min. 
R = Ph 90% 6 0 % 
L = Pyridine 
Scheme 1.2. Insertion of Pt(ll) into C-C bonds by cyclopropanes 
Other examples include the oxidative addition of biphenylene into metal 
complexes, such as Ni(0), Pd(0)，Pt(0), Co(0) and Ir(I).9’io For example, Eisch et al. 
reported that electron richer nickel complexes (i.e. [Ni(Ph3P)4] < [Ni(C2H4)(Ph3P)3] < 
[Ni(Et3P)4]) underwent faster oxidative addition with biphenylene. The results showed 
3 
that high electron density on the metal center promotes CCA (Scheme The CCA 
are thermodynamic favorable since energy is gained from strain relief and formation of 
two strong M-Caryi bonds (BDE = � 9 0 kcalmol"').^ 
r V T l + Ni(PEt3). Et2O,0。C,18hi r y ^ + 2PEt3 
EtgP'、PEt3 
82% 
Scheme 1.3. Cleavage of biphenylene by Ni(0) complexes 
In addition, Sweigart et al. also reported an example of C-C bond cleavage 
promoted by coordination of the electrophilic fragment Mn(C0)3+ to one of the aromatic 
rings in biphenylene to lower its electron density (Scheme 1.4)严 
+(0C)3Mn +(0C)3Mn\ 
r ^ v n pt(pph3)2(c2H4). ( ^ y ^ + C2H4 
CH2CI2, r.t.. < 1 min ^ ^ p / 
P h a P ' � P P h 3 
98% 
Scheme 1.4. Cleavage of biphenylene by Pt(0) complexes 
Other than three or four-membered ring, C-C bond activation of a less strained 
five-membered ring was also observed with semibuckminsterfullerene (C30H12). The C-C 
bond cleavage proceeded via simple 71-coordination of Pt(PPh3)2 to one of the rim C=C 
bonds adjacent to the five-membered-ring site and followed by C-C oxidative addition 
(Scheme 1.6)." 
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r r ^ 1 J 
/ l l f ^ + Pt((PPh3)2(C2H4)) Toluene, • ^ / ^ J X ^ C p ^ + C2H4 
rt 15 h \ I / J 
k A ； ^ ^ ^ ” ^ �eflux, 1 h pphVPPh3 
10% 
Scheme 1.6. C C A of buckybowl compound by Pt(0) complex 
Takahashi also reported the cleavage of C-C bonds of five-membered rings of 
organozirconium and organohafnium compounds (Scheme 1.7).'^ The proposed 
mechanism shows that zircona- and hafna-cyclopentane complexes undergo C-C bond 
cleavages to form the bis(alkene)complex. Rotation of the alkenes due to steric assistance 
and selective coupling of two alkenes on the metal produce the product. 
/ S ^ rt-80�C A V ^ CP2M .. 一 Cp2M 
M=Zr. rt., 98 % 
M=Hf, 80 98% 
Me , r ^ ^ .Me 
A - , � r^ 
CP2M • CP2M: • CP2M� • CP2M 
Me I 
M=Zr, Hf 
Scheme 1.7. Cleavage of C-C bond of Zr and Hf complexes 
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1.3.2 CCA Driven by Aromatization 
The CCA could be driven by aromatization. Many examples belong to the 
formation of aromatic metal-cyclopentadienyl fragments. The 1,1 -dialkyl-disubstituted 
spiro cyclopentadienes underwent cleavage in boiling benzene by Fe2(CO)9. After the 
bond activation on the spiro-carbon, Ti-cyclcopentadienyl-cr-alkylcarbonyliron complex 
was formed (Scheme l . S ) ” 
1.5 h / J 
Fe(C0)3 (C0)2Fe , 
50 % 90 % 
Scheme 1.8. Cleavage of C-C bond in tricarbonyliron complexes of 1,1-dialkyl-
substituted spiro cyclopentadienes 
A ri'^-(e/7Jo-ethylcyclopentadienyl)molybdenum complex was also known to 
rearrange with breaking of Cp-Et bond to form a 
(cyclopentadienyl)(ethyl)molybdenum complex upon generation of a vacant coordination 
site on the metal. (Scheme 1.9)." 
Et . Et 
CI 舊斗’ acetone I + 
H \ ^ f •pMoCp(PPhMe2) 
， -yMoCp ( P P h M e 2 ) rt, 12 h ^ ^ 
3 0 % 
Scheme 1.9. Cleavage of C-C bond on cyclopentadienyl molybdenum 
complex 
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Takahashi reported that carbon monoxide reacted with alkyl-substituted 
zirconacyclopentadienes to give 1,2,3,5-tetrasubstituted benzenes (Scheme 1.10).'^ From 
the proposed mechanism (Scheme 1.11), CO insertion occurs first at zirconium-sp^ 
carbon bond to afford zirconacyclohexenone that undergoes intramolecular nucleophilic 
addition of the Zr-sp^ carbon bond to carbonyl group. Cleavage of metalozirane and the 
C-C bond of the two substituted carbons in the cyclopropane gives the 
phenyl(hydroxyl)zirconium species. Cp2Zr=0 is then eliminated and the corresponding 
benzene derivatives are liberated. 
R R 
i)-23。C, 3h 1 R 
C P 2 Z Q ； + CO j f V + CP2ZF0 
R=Et, 74 % 
R=Pr, 68 % 
Scheme 1.10. Formation of 1,2,3-5-tetraubstituted benzenes by C C A 
f— _ p - — 
- 试 ^ # - 。 喊 
H H 
X l X r 
HO. ^ R 以 R 
Cp2Zr=0 
Scheme 1.11. Mechanism of the formation of 1,2,3,5-tetrasubstituted benzenes 
via C C A . 
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1.3.3 Chelation-Assisted CCA 
As for unstrained molecules, a remarkable progress has been achieved by utilizing 
cyclometalation'^ to form a chelate ring containing a metal-carbon CT bond.'^"'^ 
Representative examples of model compounds designed for chelation are diphosphine 
pincer-type ligands，'”® 8-quinolinyl alkyl k e t o n e s , a n d aromatic ketones containing 
an oxazoline g roup(F igure 1.1) 
M e > = r _ 2 m 
化 Me U ^ E t 
M e ^ ^ P ( / - P r ) 2 Ph 人 。 o 
Figure 1.1. The designed models for cyclometalation 
The existence of a coordination site in these molecules facilitates the activation of 
C-C bond, because it allows the transition metal to easily access the C-C bond to be 
cleaved so as to bring about the C-C bond cleavage with the formation of a stable 
metalacycle. 
An example is an intermolecular activation of C-C bond of the diphosphine 
system reported by Milstein. The kinetic barrier was overcome by bringing the 
diphosphine ligand to the metal center through coordination. Further addition of 
hydrogen acted as an energy-released step, since CH4 formed and was eliminated. The 
process of C-C bond cleavage therefore became thermodynamically favorable (Scheme 
8 
\ y - P P h 2 W ~ P \ P h 2 
分 h , + H2 ^ + PPh3 ^ 分 ， 
/ ^ P P h 2 / ^ P P h 2 Z V_pph2 
A > 9 0 % 
Scheme 1.12. C C A in phosphine-carbon-phosphine (PCP) system 
However, the formation of CHA product A is not a necessary requirement for CCA 
since direct CCA gave B.4c (Scheme 1.13) 
) = < [Rh(alkene)2CI]2 
R - C e n T — 场 h - c i 
B 
quantitative amount 
Scheme 1.13. Direct C C A with Rh(l) Complex 
Jun et al. reported a chelation-assisted catalytic C-C bond activation of unstrained 
ketones by exchange of an alkyl group of the ketones to other alkyls (Scheme 1.14).22,23 
1. (PPh3)3RhCI (5 mol%) 
n 2.2-amino-3-picoline (100 mol%) 9 八 
Ph C H 3 + — / toluene. 150 48 h ^u ^ CH3 
84% 
Scheme 1.14. A chelation-assisted catalytic C-C bond 
activation of unstrained ketones 
The process occurred by a series of proposed reactions. The ketimine is formed in 
situ by the condensation of benzylacetone and 1-hexene. The C-C bond of the ketimine is 
then cleaved by Rh(PPh3)3Cl to give an (iminoacyl)-rhodium(III) phenethyl which 
undergoes P-hydride elimination at the phenylethyl group to provide (iminoacyl)-
9 
rhodium(III) hydride and styrene. The (iminoacyl)- rhodium(III) hydride is inserted into 
1 -hexene to form an (iminoacyl)-rhodium(III) hexyl and subsequently undergoes 
reductive elimination to yield another ketimine with regeneration of the catalyst, 2-
amino-3-picoline. Finally, the ketimine is hydrolyzed with H2O to obtain 1-octanone 
(Scheme [⑶严 
r r ( T 
、人N 广 N 
N ‘！ Cl\ I p-hydride 
7 ^ oxidative /- L X 
^ ^ H2O addition / r p Y ^ 
( T T I z ^ n ^ n 
J LsRhCI (L = PPh3) CK 1 
J y ^ \ L 2 ， H � 3 
i , \ \ � 
\ ( f ^ Y reductive\ ( 丄 ^ / C ^ H g 
\ ^ elimination N N 
N N C K I __[I hydride 
^Kh ~ i n s e r t i o n 
Scheme 1.15. Proposed mechanism for catalytic C C A of unstrained ketones 
Recently, Jun et al. have also reported some examples of CCA of other substrates, 
such as primary amines (Scheme 1.17),24a cycloalkanone imine (Scheme 1.18)2仆 and 
unstrained secondary alcohols (Scheme 1.19产 by using similar reaction conditions. 
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1.(PPh3)3RhCI (5 mol % ) 
2-amino-3-picoline (50 mol%) 
. toluene, 170 °C. 24 h 9 
2 p h - ^ N H z + J - B u —— P h v ^ A ^ ^ ^ g^ + H3+N〜f-Bu H /^HzO 96 0/0 
Scheme 1.17. Catalytic C C A of primary amines 
^ ^ 1.[(C8Hi4)2RhCI]2(3mol%) 9 , 
C C Cy3P(6mo.o/o) n - B u ^ ^ s M 
N n ^ n - B u toluene, 150 °C’ 6 h 12% 
f (CH2)3 ^ + 
2. H+/H2O O 
77% 
Scheme 1.18. Catalytic C C A of cycloalkanone imine 
PPhgRhCI (10 mol %) 
2-amino-3-picoline (30 mol%) 
OH K2CO3 (0.5 mol%) O O 
toluene, 170 C, 2 h 
97 % 3 % 
Scheme 1.19. Catalytic C C A of sec-alcohol 
1.4 C-C Bonds Activation by High Valent Transition Metal Complexes 
High valent transition metal complexes are much less known to activate a carbon-
carbon bond. 
Carbon-carbon bond cleavage of vic-diols by dioxygen and aldehydes catalyzed by 
transition metal complexes has aboundant examples. An example is a trans-dipyridine 
manganese(III) complex which is oxidized to a manganese(IV) complex and a 
manganese(V) complex was proposed as the intermediate (Scheme 1.20)25. 
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RCHO H+’e- 、c—o H+, e' RCO2H「 ] 
X V O2 ^ 0 ' ^O V Z o 
I I I 
X -X X X 
“ +x 
广 、 
2 义 + H 2 � ^ 
个 II X 
X 0 ^ 0 ' x 
Scheme 1.20. Oxidative C-C bond cleavage of wc-diols by a manganes(lll) complex 
Besides the oxidant (oxygen)-coupled CCA, only two examples of CCA have so 
far been reported for high valent late transition metal complexes. A cationic silyl Rh(III) 
has been shown to activate the aliphatic-nitrile bond (Scheme 1.21)严 
X - ^ C N + 
/ MeaP' V 
Z CH2CI2 CNSiPhg 
/ 25°C 
/ , . X = H, CF3, O M e 
Z ti/2〜10min .100% 
— + 
。n* + Cp* 
^u..SiPh3 R-CN FW、R 
M e a P ' l CH2CI2 ‘ Me3P ‘ 
CICH2CI 2 5 0 � CNSiPha 
\ 一 
\ , Cp* \ tBu-CN f^h.�tBu 
C6D5CI MegP^ [ 
5 0 � c ^NSiPha 
ti/2〜3d -50% 
Scheme 1.21. C-C bond cleavage of aryl and alkyi cyanides 
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A migratory aliphatic group of nitrile to Rh via the 77 -^iminoacyl intermediate 
constitutes the key CCA step without involving an oxidative addition (Scheme 1 
—I + 
Cp* 
, � S i P h 3 
MesP ^ciCHzCI 
R-CN (R = Me, 'Pr. ^ Bu. ’ ~ 0 ~ C F 3 , - O ~ 0 M e ) 
CD* n + k - k Cp* n + 
M e s / V ^ c - R M e 3 P � � MegP, VcNSiPh3 
Scheme 1.22. Proposed reaction mechanism of C C A 
A recent report by Bergman has shown that Cp*(PMe3)Ir(CH3)OTf reacted with 
alkoxy and siloxysubstituted cyclopropanes in C-C bond activation (Scheme 1.23).^ "^  A 
Ir(V) alkyl intermediate was proposed via an oxidative addition in the mechanism for this 
reaction (Scheme 12A)r^ 
r o T f -
MesP" \^CH3 ^ X M e 3 P " " \ ^ R + H X 
OTf R = H,X = O^BU, 
0SiMe2^Bu, OPh, NPh? 3 
R = Me, X = O M e R = H, M e 
S c h e m e 1.23. C-C bond activation of substituted cyclopropanes by Ir(lll) complex 
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丄 +OTf -
MeaP" \'CH3 ^ X Me3pzlr\ .广R 
�oTf r ^ 
Oxidative Addition H3C‘ 
p H 3 n + 0 T f _ D n + O T f - —1-OTf-
[丨 In / H 
X乂 丨 一 [ v ^ R 
H3C. n 'OTf - - n ^ O T f - 八 n + O T f - +OTf_ 
^ ' V 一 [ 丨 r p — — X ^ = [ 丨 《 广 




Scheme 1.24. Proposed C C A mechanism 
1.5 Previous Mechanistic Studies on CCA by High Valent Transition 
Metal Complexes 
C-C bond activations by high valent transition metal complexes can be divided 
into four mechanistic categories: (A) A metal complex can insert into a C-C bond via a 3-
C cyclic transition state to give a C-M-C intermediate or product. The oxidation state of 
the metal was increased by two. (B) Sigma-bond metathesis, which is usually considered 
to occur through a four-centered cyclic transition states. (C) Heterolysis, heterolytic 
cleavage of a C-C bond to form an M-C bond. The process can be assisted by an external 
or internal nucleophile from the metal center. (D) The CCA involves an initial step of a -
H abstraction to form the intermediate alkyl alkylidene complex with the oxidation state 
of metal increased by two. These four categories are compared in Table 1.2. 
14 






0 A p r o p o s e d l i ^ 
intermediate in CCA of 
Oxidative 1) Bimolecular M^, a crowded cyclopropanes^^ 
M 
Addition 2) M(n) to M(«+2) X R intermediate 2) Isolated Ir(V) 
intermediate in Si-H 
activation28 
1) Bimolecular Crowded 
Sigma-
2) No change of M—R transition state, Only reported in 
bond \ \ 
oxidation state X R' no precedent for CHA^''^^ Metathesis 3) Concerted T.S. CCA 
1) Rate promoted Distinction from 1) CCA promoted by a 
by nucleophiles sigma-bond internal Lewis acid 
2) Rate promoted or metathesis: "SiPhs"""^^" 
Heterolysis 
by electrophiles 广 X. difficult for 2) BPhs promoted C-
3) No change of —— internal CN activation with 
oxidation state nucleophiles 
Ta alkyl alkylidene 
1) a -H elimination |_j Isolation of the 
Alkylidene M——CH? proposed in alkane 
2) M(/7) to M(«+2) mV intermediate 
metathesis29 
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1.6 Objective of the Work 
The successful examples on CCA of low valent group 9 transition metal 
complexes are mostly associated with the oxidative state of one of the metal complexes. 
They undergo CCA via commonly accepted oxidative addition process. Some important 
examples include the activation of the strained hydrocarbons of cubane/ cyclopropane,^ 
the CCA driven by aromatization/^"'^ and chelation-assisted CCA such as the activation 
of aromatic-aliphatic hydrocarbons in properly anchored pincer-type phosphine 
Hgands.丨 7’ 2° 
Successful CCA with high valent transition metal complexes were only recently 
found in several cases, mostly for group 9 complexes of Rh and 
Examples of C-C bond activation of unstrained hydrocarbons by high valent 
transition metal complexes have not been reported. The objective of this part of my thesis 
concerns the first discovery of such process by iridium(III) porphyrins with ketones. The 
results of the preliminary scope, electronic effect and mechanistic studies of this chemical 
transformation will be discussed. 
16 
Chapter 2 Carbon-Carbon Bonds Activation (CCA) of Ketones by 
Iridium(III) Porphyrins 
2.1 Introduction 
With the initial success of the selective CHA of aldehydes by iridium(III) 
Ir(ttp)Cl(CO) and Ir(ttp)Me,^' the bond activations of ketones were explored. To our 
delight, Ir(ttp)Cl(CO) 1 and Ir(ttp)Me 2 were found to react with ketones in solvent-free 
conditions at 200 °C with selective CCA at the C(C=0)-C(a-alkyl) bond to give aryl acyl 
iridium complexes for aryl alkyl ketones and acyl iridium complexes for dialkyl ketones, 
respectively, (eq 2.1). 
0 n 
1 N2, Dark 9 
lr(ttp)R + R . ^ V …。八 > A 
R 200。C (ttp)lr八 R| (2.1) 
R = CI(CO) R' = Aryl 
M e Alkyl 
2.2 CCA of Aromatic Ketones with Ir(III) Porphyrins 
2.2.1 CCA of Aromatic Ketones with Ir(III) Porphyrin Chloride 
Initially, selective CCA of aromatic ketones was firstly discovered in the reaction 
of lr(ttp)Cl(CO) 1 and acetophenone at 200 in 8 days in N2 under solvent-free 
conditions to give Ir(ttp)COC6H5 4c in 83% yield (eq 2.2, Table 2.1, entry 3). 
r = \ P N2. Dark f = = \ P 
lr(ttp)CI(CO) + 〈\ / V - { (\ / W (2.2) 
\ 200 °C. 5.5 d ^ ― ^ Ir(ttp) 
1 4c, 8 3 % 
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The CCA is general for various 4-substituted aryl methyl ketones (Table 2.1, eq 2.3). 
Electron-poorer substrates (Table 2.1, entries 1 and 2) required shorter reaction time of 5 
to 7 days to give 4a-b in slightly lower yields. The more electron-rich 4-Me substituted 
ketone 3d (Table 2.1, entry 5) took 13 days to complete the reaction to give 4d in 78% 
yield. When the reaction was stopped after 8 days, 4-Me substituted acetophenone also 
gave the benzyl ic C-H bond activation product 5 in 29% yield beside the CCA product 
4d in 23% yield (Table 2.1, entry 4). It suggests that this CHA product might be an 
intermediate. The MeO substrate (Table 2.1, entry 6) though reacted faster to give 4e in 
30% yield in 3 days but also produced Ir(ttp)Me 2 in 16% yield. 2 likely formed from the 
Me-0 cleavage.32 It appears that the rates of CCA increase with more electron-poor 
ketones (Table 2.1, entries 1-3). 
r = \ P N2, Dark 0 
lr(ttp)CI(CO) + / W / W (2.3) 
V / \ 200 oc V Y 
1 3a-e 4a-e 
Table 2.1 CCA of Acetophenones by Ir(ttp)Cl(CO) 
Entry FG Time/d Product % 
"1 ^ 4a, 74 
2 CI, 3b 7 4b, 55 
3 H, 3c 8 4c, 83 
4 Me, 3d 8 4d，23; S"，29 
5 Me, 3d 13 4d, 78 
6 MeO，3e 3 4e, 50 + 2, 16 
a: 5 = lr(ttp)CH2C6H4COMe; 1，24% “ 
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More careful examination of the reaction mixture of acetophenone with Ir(ttp)Cl(CO) 
1 in 5 days revealed the presence of three iridium complexes: 4c, 6a, and 6b (eq. 2.4). 6a 
and 6b are the aromatic CHA products. Monitoring the reaction mixture by TLC revealed 
that 4c and 6a-b formed at the same time. The identities of 6a and 6b were firmly 
established by authentic samples. 
f = \ /P N2. Dark / = \ P (ttp)lr.^= O 
_ ) C I ( C O ) + + (2.4) 
1 4c, 52% 6a, para, 9 % 
6b, meta, 8 % 
The para- and meta- aromatic CHA products were independently synthesized by 
carbon bromine bond activation of the corresponding acetophenones in excess 
respectively in solvent-free conditions using Ir(ttp)Cl(CO) (eq. 2.5, 2.6). 
O N2, Dark, Benzene 〇 
l _ a ( C O ) + 20equiv.KOH ( 喻 ( 2 . 5 ) 
1 200°C. 1d 6a. 63% 
Br. (ttp)lr 
V ^ O N2, Dark, Benzene 〇 
_ ) C 1 ( C 0 ) + _ v . K 2 C 0 3 C M (2.6) 
1 200°C. 1d 6b. 60% 
Monitoring the reaction mixture by TLC and NMR at 1, 3 and 5 days did not 
show the presence of Ir(ttp)CH2C0Ph. The 'H NMR spectrum was also compared with 
that of Rh(ttp)COCH2Ph. No signal of the -COCH2- peak at negative ppm was found. 
Therefore, no aliphatic CHA occurred and Ir(ttp)CH2C0Ph is not an intermediate for 
CCA with Ir(ttp)Cl(CO). 
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2.2.2 CCA of Aromatic Ketones with Ir(III) Porphyrin Methyl 
According to our previous success on the aldehydic CHA with iridium(III) 
porphyrins]丨 and rhodium(III) porphyrins,^^ more electron-rich Ir(ttp)Me 2 was then used 
to replace Ir(ttp)Cl(CO) 1 to react with various acetophenones. We were delighted to find 
out that the CCA of various acetophenones occurred with Ir(ttp)Me 2 (Table 2.2，eq 2.7). 
Table 2.2 CCA of Acetophenones by Ir(ttp)Me 
r=\ 9 N2. Dark f=\ /p 
lr(ttp)Me + FG-<\ ^ FG-h(v / V ^ (2.7) 
^ \ 200 oc V Y \|r(ttp) 
2 3a-e 
Entry FG Time/d Product % 
"i F^Sa 4 4a，83 
2 CI, 3b 6 4b, 61 
3 H, 3c 5 4c, 85 
4 Me, 3d 9 4d, 54 
5 MeO，3e 6 4e, 36 
The reactions with Ir(ttp)Me were faster and higher-yielding than that of 
Ir(ttp)Cl(CO) 1 for electron-poor substrates (Table 2.2, entries 1-3). The F-, CI- and H-
substituted acetophenones took only 4，6 and 5 days, respectively. For electron-rich 
substrates, the rates were slower and the yields were lower. 4d in 54% yield was isolated 
in 9 days for the 4-Me acetophenone (Table 2.2, entry 4) and 4e in 36% yield was 
isolated in 6 days for the 4-OMe acetophenone (Table 2.2, entry 5). 
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2.2.3 Steric Effect on CCA with Ir(III) Porphyrins 
The CCA is very sensitive to the steric hindrance of substrates. Propiophenone 
was much less reactive and required 15 days at 200 °C to give a low yield of 4c in 11% 
yield together with other unidentified products (eq 2.13). 
N2’Dark / = \ 〇 
lr(ttp)Me + (\ (2.13) 
\ ^ 200 °C, 15d ^ ^ ir(ttp) 
2 4c, 11% 
2.3 CCA of Aliphatic Ketones with Ir(III) Porphyrins 
2.3.1 CCA of Unstrained Aliphatic Ketones with Ir(III) Porphyrins 
Ir(ttp)Cl(CO) 1 and Ir(ttp)Me 2 both showed very low reactivity in the CCA of 
aliphatic ketones. No reaction occurred between acetone and Ir(ttp)Cl(CO) 1 or Ir(ttp)Me 
2 at 200 °C under solvent free conditions in 3 days (eq 2.8). 
O 
N2, Dark 
lr(ttp)R + ^ ^ No rxn (2.8) 
200 °C, 3 d 
R = CI(CO) 
M e 
OQ 
The more reactive “Ir(tp)BF4，’， with a less coordinating anion, was synthesized as 
an inseparable mixture ofIr(ttp)BF4 and Ir(ttp)BF4(C0) (Ir(ttp)BF4 ： (C0)Ir(ttp)BF4 = 3:1 
- 1 0 : 1 ) from the reaction of AgBF4 with Ir(ttp)Cl(CO) 1. Then “Ir(ttp)BF4，，7 reacted 
with acetone at 200 in 2 days to give the CCA products Ir(ttp)Me 2 in 31% yield in 
nearly one to one ratio with CH3C0Ir(ttp) 8a in 35% yield (eq 2.10). 
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O o 
X N2, Dark y 
l r _ B F 4 + 八 ^ o ^ ^ d + l r _ M e (2.10) 
7 ’ 8a, 35% 2,31% 
The reaction between Ir(ttp)BF4 7 and 3-pentatnone gave three major CCA product: 
CHsCHzCOIrCttp) 8b in 41% yield, CHsCOIrCttp) 8a in 37% yield and Ir(ttp)Me 2 in 
22% yield (eq 2.11). Ir(ttp)Me 2 probably came from the sp^-sp^ C-C bond activation. 
The reaction was difficult to reproduce. Though the reaction was carried out several times 
and 8a, 8b and 2 were observed in ^H NMR spectrum of the crude reaction mixture, the 
total yields were all below 30% after column chromatography. The mechanism of the 
formation of 8a is still unclear. 
9 N 2 . Dark S 9 
lr(ttp)BF4 + 200。C4"d 丨 「 帅 ） + (2.11) 
7 ‘ 8a, 37% 8b. 41% 2,22% 
2.3.2 CCA of Cyclic Aliphatic Ketones with Ir(III) Porphyrins 
"No reaction occurred between lr(ttp)Cl(CO) 1 and cyclopentanone or 
cyclohexanone at 200 for 3 days. Neither did Ir(ttp)Me 2. The recovery yields of 1 
were both around 80%. The reaction between Ir(ttp)BF4 7 and cyclopentanone or 
cyclohexanone at 200 °C for 3 days only gave unknown products. 
More strained cyclobutanone reacted with Ir(ttp)Cl(CO) 1 at 200 in 1 day to 
give CCA product CHsCHzCOCHzIKttp) 8c in trace amount only (eq 2.12). 
r - / ^ N2. Dark 
Ir(ttp)CKCO) + [ J T lr(«P) . . . . . 
200 °C, 1 d O (2.12) 
1 8c, trace 
2 2 
2.4 Summary 
Selective CCA of C(C=0)-C(a) bonds of aromatic ketones was found in the reactions 
with high valent Ir(ttp)Cl(CO) 1 and Ir(ttp)Me 2. Low reactivity of 1 and 2 was observed 
in CCA of aliphatic ketones. The more reactive Ir(ttp)BF4 7 reacted with acetone 
successfully to give two CCA products. Furthermore, steric hindered substrates are much 
less reactive towards Ir(ttp)Cl(CO) 1. 
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Chapter 3 Preliminary Mechanistic Studies of Carbon-Carbon Bonds 
Activation (CCA) 
3.1 Proposed Mechanism of CCA with Iridium (III) Porphyrin 
Chloride 
According to the mechanistic studies of CHA of aldehydes with Ir(ttp)Cl(CO) 1，1 
likely dissociates into the electrophilic Ir(ttp)+ and CI" at Indeed, Ir(ttp)BF4 7 
with a labile anion was found to react faster with acetophenone in just 1 day to give 48% 
of 4c. (eq 3.1) The low yield might be caused by the decomposition of 7 under high 
temperature. 
O N2, Dark f = \ O 
I _ B F 4 + 200OC,1d > (3.1) 
7 4c. 4 8 % 
The isolated CCA product 4c in 52% yield and aromatic CHA (ArCHA) products 6a 
and 6b in 9% and 8% yield, respectively, after an incomplete reaction of 5 days suggests 
that Ir(ttp)+ reacts with acetophenone to give both the CCA product of acyl iridium 
porphyrin and the aromatic CHA products simultaneously. There are two possible 
pathways for the formation of aromatic CHA products: (1) direct CHA between Ir(ttp)+ 
and acetophenone; (2) consecutive formation of Ir(ttp)H 9 intermediate which reacts 
rapidly with acetophenone to afford CHA products. 
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Ir(ttp)H 9 was therefore synthesized according to literature method.^^ 
Ir(ttp)Cl(CO) 1 was reduced by NaBH4 and then protonated by HCl to give Ir(ttp)H 9 in 
90% yield, (eq. 3.2) 
1. N a B h V I M N a O H 
lr(ttp)CI(CO) lr(ttp)H (3.2) 
2. THF, 70°C,2h ^ ’ 
1 3. HCl. 0°C. 15min 9. 90% 
Indeed, Ir(ttp)H 9 reacted with acetophenone rapidly in 1 day to give aromatic 
CHA products 6a and 6b in 42% and 39% yield in a nearly 1:1 ratio, respectively. No 
CCA product was observed by TLC and NMR analysis, (eq. 3.3) Prolong heating the 
reaction mixture to 8 days gave only CCA product acyl iridium complex 4c in 49% yield 
and the CHA products were almost consumed, (eq. 3.4) These two chemical 
transformations support the pathway Ir(ttp)Cl(CO) - Ir(ttp)H - ArCHA and also suggest 
that aromatic CHA products are possible intermediates for CCA products. 
/ = \ p N2, Dark (ttp)lrs=x O 
_ ) H + Q r \ 200°C.1d ‘ O ^ (3.3) 
® 6a, para, 4 2 % 
6b, meta, 39% 
/ = \ ,0 N2. Dark f = \ O 
lr(ttp)H + 4 / W (\ / W (3.4) 
\ 200。C’8d \ 丨邪p) 
9 4c. 49% 
However, when 6a was separately reacted with acetophenone, the CCA required 
13 days and 4c was isolated only in 23% yield, (eq. 3.5) The reaction time is so long that 
aromatic CHA products are not viable intermediates for the CCA product. It also rules 
out that Ir(ttp)H is an intermediate for CCA. 
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+ ^ (3.5) 
\ \ 200 °C,13d ^ ^ \|r(ttp) 
6a 4c, 23% 
According to the above results, we proposed a possible mechanism (Scheme 3.1). 
slow 
O o k2 CCA /^v^lrmn^ (ttp)lr-^  7 • lr(ttp)CI(CO) n 丁 ir帅）+ "CHsCI" ^ ^ k.2 ki 3 
+ 
+ O 
HCI ph 人 
Scheme 3.1 Proposed Mechanism for C C A with Ir(ttp)CICO) 
In the Ir(ttp)Cl(CO) system, a reversible reaction between Ir(ttp)Cl(CO) 1 and Ir-
aryl 6a-b may exist in the presence of HCI co-product. This could explain the low 
reaction rate and yield observed in the reaction between 6a and acetophenone (eq. 3.5). 
That means these CHA products are not direct intermediates for CCA products. Further 
experiment of the reaction between aromatic CHA products and HCI can be carried out to 
test this proposed mechanism. 
Similar isomerization of CHA product to CCA product was proposed by William 
D. Jones." He indicated a reversible pathway that CHA product could isomerize back to 
the Rh(I) complex. Then Rh(I) complex formed an if arene complex followed by 
reductive elimination to give CCA insertion product (Scheme 3.2). So CHA products are 
not necessarily the intermediates of CCA product. 
2 6 
[伞]— 
M E 3 P ; F - H 85。C,1D ’ M E Z H ME^P ^ ^ 
Q C6D12 L � L 
> I � 85�C, 5d ^ I � _ Z I % 
Scheme 3.2 Mechanistic Proposal for Isomerization of C H A Product to C C A Product 
3.2 Proposed Mechanism of CCA with Iridium (III) Porphyrin Methyl 
The mechanism of CCA with Ir(ttp)Me 2 is likely different from that of 
Ir(ttp)Cl(CO) 1. The mechanistic pathways of Ir(ttp)Me 2 can be considered either as (1) 
non-concerted pathways or (2) concerted pathways. 
(1) Non-concerted pathways. Ir(ttp)Me 2 can form the Ir"(ttp) radical 
homolytically (al)，or undergo heterolysis to give Ir(ttp)+/R- (a2) or Ir(ttp)7R+ (a3) 
(Scheme 3.3). 
a1 





Ir(ttp)- + R+ 
Scheme 3.3 Non-concerted pathways of C C A with lr(ttp)Me 2 
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However, the non-concerted pathways are unlikely to proceed. The Ir-Me bond is 
stronger than Rh-Me bond, which is about 58 kcal/mol.34 It is too energetically costly for 
Ir(ttp)Me to undergo homolysis or heterolysis. At 200�C, the rate of homolysis or 
heterolysis of Ir-Me is too slow to be a viable pathway (ti/2 » 8 d). Moreover, for 
heterolysis, the resulting R+ or R' is too unstable. Therefore alternatively concerted 
pathways are more reasonable. 
(2) Concerted pathways. CCA with Ir(ttp)Me 2 might undergo associative 
pathways: (1) oxidative addition (bl), (2) sigma-bond metathesis (b2) or (3) via 
alkylidene (b3) (Scheme 3.4). 
u Me b1 Me\ I /COPh 
lr(ttp)Me “ 'r(ttp) a lr(ttp)COPh 
oxidative addition 
+ — 厂 \ + 
.Me ^ 
PhCOMe l^e 、,C0Ph ^ ^ Me-Me 
[、、丨‘)B J / 
Sigma bond metathesis / 
b3 .H / 
PhCQ^ CHa u Ph 
C1 C2 
Scheme 3.4 Concerted pathways of C C A with lr(ttp)Me 2 
In the case of oxidative addition pathway, an Ir(V) intermediate is formed. Bergman 
reported the only successfully isolated Ir(V) intermediate characterized by x-ray 
crystallography in silicon-hydrogen bond activation (Figure 3.1).^^ 
2 8 
® © ^^^^^^^ B(C6F5)4 
'''''SiPh2 
MegP \ i 
o 
Figure 1. Isolated lr(V) intermediate in SiHA 
However, the proposed 7-coordinated intermediate A has two methyl groups and an 
acyl group attached to iridium center at the same face of the porphyrin. This structure is 
sterically unfavorable to be stable. 
In sigma-bond metathesis (b2), the proposed intermediate B does not require the 
change of oxidation state of iridium(III) and is only 6-coordinated. However, there is no 
precedent for this four-centered transition state. Basset had proposed a similar sigma-
bond metathesis transition state in alkane metathesis in 1997,^^ which has been later 
shown to be incorrect and amended to be via Ta alkylidene in 2001 by himself?^ 
In the CCA via alkylidene, an initial step of a-H abstraction is involved to form CI. 
The intermediate alkyl alkylidene complex C2 with the oxidation state of iridium 
increased by two is then formed. 
So no definitive mechanistic conclusion on the preference of oxidative addition or 
sigma-bond metathesis can be drawn at this stage. 
According to Ms Baozhu Li's results,^^ trace amount of Ir(ttp)CH2C0Ph in the 
reaction of Ir(ttp)Me and PhCOCHs was observed by TLC analysis after one day, and 
was consumed after two days. ArCHA products 6a and 6b were also observed by TLC 
and NMR analysis during the reaction. Further experiments are needed to investigate 
whether they are the intermediates for the reaction between Ir(ttp)Me and acetophenone. 
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3.3 Determination of CCA co-product in situ 
A naturally occurred question of the CCA is the fate of the co-product. The co-
products of CCA of acetophenone by Ir(ttp)Cl(CO) 1 and Ir(ttp)Me 2 are assumed to be 
CH3CI and ethane, respectively. Both are gaseous compounds and are very hard to be 
detected and quantified. 
We have made efforts to determine the identities of the co-products in other ways. 
Firstly we tried the CCA of iridium(III) porphyrins with cyclic ketones and hoped that 
successful CCA occurred through ring opening to give both the CCA product and co-
product in the same molecule as an alkyl acyl iridium complex. However, Ir(ttp)Cl(CO) 1 
did not react with cyclopentanone, cyclohexanone or 1-indanone at 200 °C for 3 days. 
Neither did Ir(ttp)Me 2. The recovery yields of 1 were all around 70%. 
Then we turned to investigate the reaction between Ir(ttp)Cl(CO) 1 and 
benzophenone, benzil or 2,3-butanedione. The expected CCA co-products were 
"chlorobenzene", "benzoyl chloride" or "acetyl chloride", respectively, which are much 
easier to be observed and characterized. 
However, Ir(ttp)Cl(CO) reacted with benzophenone in solvent free conditions 
with the addition of 10 equivalent of KOH in 1 day to give only Ir(ttp)Me 2 in 8% yield 
(eq. 3.6). Ir(ttp)Me 2 likely formed from the base-induced reduction of Ir(ttp)Cl(CO) 1 ." 
O 
N2, Dark, lOequiv. K O H 
lr(ttp)CI(CO) + U 200�C’1d ^ Ir 帅)Me (3.6) 
1 2’ 8 % 
Ir(ttp)Cl(CO) 1 reacted with 1 equivalent of benzil in benzene with the addition of 
20 equivalent of KOH in 1 day to give Ir(ttp)Ph 10 in 64% yield (eq. 3.7). Ir(ttp)Ph 10 
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likely formed from the CHA between Ir(ttp)Cl(CO) 1 and benzene. It was supported by 
the direct reaction between Ir(ttp)Cl(CO) and benzene under the same conditions to give 
Ir(ttp)Ph 10 in 65% yield, (eq. 3.8) 
0\\ z,0 
r^ U \~. N2, Dark, 20 equiv. KOH 
lr(ttp)CI(CO) + Q ( J Benzene. 200 oc.1d U (".乃 
1 10,64% 
N2, Dark, 20 equiv. KOH 
lr(ttp)CI(CO) + I ^ II I (3.8) 
200 °C. 1d ^ ^ 
1 10,65% 
Ir(ttp)Cl(CO) 1 reacted with 5 equivalent of 2,3-butanedione in benzene in just 1 
day to give Ir(ttp)C0CH3 8a in 44% yield and 44% of 1 remained unreacted. (eq. 3.9) 
0 0 N2, Dark O 
Ir(ttp)CKCO) + J~\ “ ,“、+ lr(ttp)CI(CO) (3.9) 
‘\ 2000c, Id z\|r(ttp) 
1 8a, 44% 1,44% 
A sealed NMR tube reaction was carried out between Ir(ttp)Cl(CO) 1 and 2,3-
butanedione in d6-benzene to observe the possible formation of co-product "acetyl 
chloride". However, after 12 h, the ^H NMR spectrum showed numerous signals in the 
region of 2 - 3 ppm. It remains inconclusive whether "acetyl chloride" was formed or not. 
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3.4 Summary 
The mechanism of CCA with Ir(ttp)Cl(CO) 1 has been proposed. Ir(ttp)+ is formed 
first via initial ionization of the Ir-Cl bond. Then parallel CCA and aromatic CHA occur. 
The CCA pathway gives Ir(ttp)COPh. The CHA pathway gives Ir(ttp) aryls which can 
react with HCl to reform Ir(ttp)Cl(CO) 1. Ir(ttp) aryls react more slowly with PhCOCHs 
than Ir(ttp)Cl(CO) 1. Therefore Ir aryls are not direct intermediates for CCA. 
The mechanism of the reaction of Ir(ttp)Me 2 with acetophenone has been proposed 
to occur via an associative process. Either oxidative addition, sigma-bond metathesis, or a 
process via alkylidene complex for the CCA can operate. 
The determination of CCA co-product remains unsuccessful. 
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Experimental Section 
Unless otherwise noted, all reagents were purchased from commercial suppliers and 
used before purification. Hexane for chromatography was distilled from anhydrous 
calcium chloride. Tetrahyrofuran (THF) was distilled from sodium benzophenone ketyl 
prior to use. Ir(ttp)Cl(CO)^°, lr(ttp)Me^°, Ir(ttp)BF4^* and Ir(ttp)H^^ were prepared 
according to the literature procedure. Ir(ttp)CH2Ph 11 was provided by Mr. Cheung Chi 
Wai. Thin layer chromatography was performed on pre-coated silica gel 60 F254 plated. 
Silica gel (Merck, 70-230 and 230-400 mesh) was used for column chromatography in 
air. 
'H NMR spectra were recorded on a Bruker DPX 300 (300 MHz) spectrometer. 
Spectra were referenced internally to the residual proton resonance in CeDe (6 7.16 ppm), 
CDCI3 (6 7.26 ppm), or with tetramethylsilane (TMS, 6 0.00 ppm) as the internal 
standard. Chemical shifts (5) were reported in part per million (ppm). " c NMR spectra 
were recorded on a Bruker DPX 300 (75 MHz) spectrometer or a Varian XL - 400 (100 
MHz) and referenced to CDCI3 (6 77.10 ppm) spectra. Coupling constant (J) were 
reported in Hertz (Hz). High resolution mass spectra (HRMS) were performed on a 
Thermofinnigan MAT 95 XL in FAB (using 3-nitrobenzyl alcohol (NBA) matrix and 
CH2CI2 as solvent) and ESI (MeOH:CH2Cl2 = 1:1 as solvent) modes.. 
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The CCA reactions were carried out in N2 in dark with the Telfon-stopped reaction 
tubes covered with aluminium foil. Unless otherwise stated, the reactions were carried in 
duplicate and the yields were the average results. 
Reaction of Iridium Porphyrins with 4-FC6H4COCH3 
Method A: The red suspension of Ir(ttp)Cl(CO) (22.9 mg, 0.025 mmol) and 4-
fluoroacetophenone (1.0 mL) was heated at 200 °C under N2 in the dark for 5.5 days to 
give a dark red solution. Excess 4-fluoroacetophenone was removed by vacuum 
distillation, the reaction mixture were then purified by column chromatography on silica 
gel eluting with a solvent mixture of hexane/CHsCb (2:1) to give (5,10,15,20-
tetratolyporphyrinato)(4-fluorobenzoyl)iridium(III): 4-FC6H4COIr(ttp) as an orange 
red solid. (18.0 mg, 0.018 mmol, 74%), which was further recrystallized from 
CH2Cl2/MeOH. R / = 0.56 (hexane/CHsCb = 1:2). 'H NMR (300 MHz, CDCI3): 6 2.52 
(dd, 2 H , J = 3.3, 5.4 Hz), 2.70 (s, 12 H), 5.69 (t, 2 H , J = 8.7 Hz), 7.54 (t, 8 H, J = 6.6 
Hz), 7.96 (d, 4U,J= 8.4 Hz), 8.01 (d, 4 H , J = 7.8 Hz), 8.66 (s，8 H). " c NMR (75 MHz, 
CDCI3)： 5 22.1, 112.7 (d, J = 11.0 Hz), 119.0 (d, J = 4.0 Hz), 124.4, 128.1 (d, Vcf = 
3.2Hz)，132.0，134.3 (d， J^cf = 9.8 Hz), 138.0，139.2, 143.3，158.7. HRMS (ESIMS): 
Calcd. For [C55H4oN40FIr+H]+: m/z 985.2888. Found: m/z 985.2882. 
Method B: Ir(ttp)Me (14.6 mg, 0.017 mmol) was dissolved in 4-fluoroacetophenone 
(1.0 mL). The red reaction mixture was heated at 200 °C under N2 in the dark for 4 d. The 
orange red solid of was isolated after column chromatography (13.6 mg, 0.014 
mmol, 83%). 
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Reaction of Iridium Porphyrins with 4-CIC6H4COCH3 
Method A: The red suspension Ir(ttp)Cl(CO) (15.9 mg, 0.017 mmol) and 4-
chloroacetophenone (1.0 rtiL) was heated at 200 under N2 in the dark for 7 days to 
give a dark red solution. The excess 4-chloroacetophenone was removed by vacuum 
distillation, the reaction mixture were then isolated by column chromatography on silica 
gel eluting with a solvent mixture of hexane/CHiCb (2:1) to give (5,10,15,20-
tetratoIyporphyrinato)(4-chlorobenzoyl)iridium(III): 4-ClC6H4COIr(ttp) as an 
orange red solid (9.4 mg, 0.009 mmol, 55 %)，which was further recrystallized from 
CHzClz/MeOH. R/= 0.72 (hexane/CHzCb = 1:2). NMR (300 MHz, CDCI3): 6 2.47 (d, 
2 H,J= 8.1 Hz), 2.70 (s, 12 H), 5.97 (d，2 H, J = 8.1 Hz), 7.55 (t, 8 H, J= 7.4 Hz), 7.92 
(d, 4H,J= 7.8 Hz), 8.02 (d, 4 H, J= 7.5 Hz), 8.66 (s，8 H). HRMS (ESIMS): Calcd. For 
[C55H4�N40ClIr+H]+: m/z 1001.2593. Found: m/z 1001.2600. 
Method B: Ir(ttp)Me (12.8 mg, 0.015 mmol) was dissolved in 4-chloroacetophenone 
(1.0 mL). The red reaction mixture was heated at 200 °C under N2 in the dark for 6 d. The 
orange red solid of was isolated after column chromatography (8.9 mg, 0.09 mmol, 
61%). 
Reaction of Iridium Porphyrins with PhCOCHs 
Method A: Ir(ttp)Cl(CO) (17.2 mg, 0.019 mmol) was added into acetophenone (1.0 
mL). The red suspension was then heated at 200 under N2 in the dark for 8 days. After 
8 days, the mixture turned into dark red in color. Excess acetophenone was removed by 
vacuum distillation, the dark red crude product were then purified by column 
chromatography on silica gel eluting with a solvent mixture of hexane/CHaCb (2:1) to 
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give (5,10,15,20-tetratolyporphyrinato) (benzoyl) iridium(III): CeHsCOIrCttp) as an 
orange red solid. (15.0 mg, 0.016 mmol, 83 %), which was further recrystallized from 
CHzCb/MeOH. R/= 0.67 (hexane/CHaCl�=1:2). NMR (300 MHz, CDCI3): 5 2.57 (d, 
2 H, J = 8.1 Hz), 2.70 (s, 12 H), 5.99 (t，2 H, J= 7.8 Hz), 6.42 (t, 1 H, J = 7.8 Hz), 7.52 
(t, 8 H , y = 6.0 Hz), 7.96 (d，4 H J = 7.8 Hz), 8.01 (d, 4H，J= 7.8 Hz), 8.62 (s, 8 H). '^C 
NMR (lOOMHz, CDCI3): 5 22.2, 116.9，124.4，126.1, 128.1，132.0，134.2, 134.6, 138.0， 
139.4，143.4 167.4. HRMS (ESIMS): Calcd. For (C55H4iN40Ir+Na)+: m/z 989.2802. 
Found: m/z 989.2807. 
Method B: The red suspension of Ir(ttp)Cl(CO) (30.1 mg, 0.032 mmol) and 
acetophenone (1.0 mL) was heated at 200 under N2 in the dark for 5 days to give a 
dark red solution. The excess acetophenone was removed by vacuum distillation, the 
reaction mixture were then isolated by column chromatography on silica gel eluting with 
a solvent mixture of h e x a n e / C H � � ^ (2:1) to give CeHsCOIrCttp) (16.4 mg, 0.017 
mmol, 52%) as the first fraction. (5,10,15,20-Tetratolyporphyrinato)(m-
acetylphenyl)iridium(III), m-Ir(ttp)C6H4COCH3 6b (2.6 mg, 0.003 mmol, 8%) was 
obtained as the second fraction, which was further recrystallized from CH^Cla/MeOH. R/ 
=0.12 (hexane/CH2Cl2 = 1:2). ^H NMR (300 MHz, CDCI3) 6 0.711 (d, 1 H, J = 7.2 Hz), 
1.02 (s, 1 H), 1.47 (s, 3 H), 2.68 (s，12 H), 4.76 (t, 1 H, J = 7.5 Hz), 5.79 (d, 1 H , J = 7.8 
H z ) , 7 . 9 3 (t, 8 H，J= 8.1 H z ) , 8 . 0 2 (dd , 8 H , J = 6.3’ 2 .1 H z ) , 8 .61 (s, 8 H ) . ^^C N M R (75 
MHz, CDCI3)： 6 22.11, 25,96, 30.31，120.52, 123.66, 124.67，128.15, 130.42，132.10, 
134.93, 137.93，139.10, 143.39，197.82. HRMS (ESIMS): Calcd. For [C56H43N40iIr]+: 
m/z 980.3061. Found: m/z 980.3007. IR (KBr, cm]) v(C=0) 1633 (s). (5,10,15,20-
tetratolyporphyrinato)(p-acetylphenyl)iridium(III), p-Ir(ttp)C6H4COCH3 6a (3.0 mg, 
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0.003 mmol, 9%) was obtained as the third fraction, which was further recrystallized 
from CHsCb/MeOH. R / = 0.11 (hexane/CHzCb = 1:2). ^H NMR (300 MHz, CDCI3) 6 
0.580 (d, 2 H, J = 8.7 Hz), 1.40 (s，3 H)，2.68 (s, 12 H), 5.11 (d，2H,J= 8.7 Hz), 7.50 (d, 
8 H，J= 7.5 Hz), 7.95 (d，8 H，J= 8.1 Hz), 8.59 (s，8 H). '^C NMR (100 MHz, CDCI3): 6 
21.72, 25.04, 122.58, 123.93，127.67, 129.60，131.68, 133.72，134.31，137.55, 138.72, 
142.90，197.68. HRMS (ESIMS): Calcd. For [C56H43N40iIr]+: m/z 980.3061. Found: m/z 
980.3061. IR (KBr, cm"') v(C=0) 1650 (s). 
Method C: Ir(ttp)Me (12.7 mg, 0.014 mmol) was dissolved in acetophenone (1.0 mL). 
The red reaction mixture was heated at 200 °C under N2 in the dark for 5 d. The orange 
red solid was isolated after column chromatography (11.9 mg, 0.012 mmol, 85%). 
Method D: Ir(ttp)BF4 (11.2 mg, 0.012 mmol) was dissolved in acetophenone (1.0 mL). 
The red reaction mixture was heated at 200 °C under N2 in the dark for 1 d. The orange 
red solid was isolated after column chromatography (5.4 mg, 0.006 mmol, 46%). 
Method E: Ir(ttp)H (15.4 mg, 0.018 mmol) was dissolved in acetophenone (1.0 mL). 
The red reaction mixture was heated at 200 °C under N2 in the dark for 1 d. The orange 
red solid 6b (6.8 mg, 0.007 mmol, 39%) was isolated as the first fraction and the orange 
solid 6a (7.3 mg, 0.007 mmol, 42%) was isolated as the second fraction after column 
chromatography. 
Method F: Ir(ttp)H (16.0 mg, 0.018 mmol) was dissolved in acetophenone (1.0 mL). 
The red reaction mixture was heated at 200 °C under N2 in the dark for 8 d. The orange 
red solid was isolated after column chromatography (8.8 mg, 0.009 mmol, 49%). 
Method G: p-Ir(ttp)C6H4COCH3 6a (13.4 mg, 0.014 mmol) was dissolved in 
acetophenone (1.0 mL). The red reaction mixture was heated at 200 °C under N2 in the 
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dark for 13 d. The orange red solid was isolated after column chromatography (3.1 
mg, 0.003 mmol, 23%). 
Reaction of Iridium Porphyrins with 4-MeC6H4COCH3 
Method A: The red suspension of Ir(ttp)Cl(CO) (18.1 mg, 0.020 mmol) and 4-
methylacetophenone (1.0 mL) was heated at 200 °C under N2 in the dark for 13 days to 
give a dark red solution. The excess 4-methylacetophenone was removed by vacuum 
distillation, the reaction mixture were then purified by column chromatography on silica 
gel eluting with a solvent mixture of hexane/CH2Cl2 (2:1) to give (5,10,15,20-
tetratoIyporphyrinato)(4-methylbenzoyl)iridium(III): 4-MeC6H4COIr(ttp) (14.9 mg, 
0.015 mmol, 78%) as an orange red solid, which was further recrystallized from 
CH2Cl2/MeOH. R/= 0.54 (hexane/CHzCb = 1:2). 'H NMR (300 MHz, CDCI3): 6 1.88 (s, 
3 H), 2.48 (d，2 H，J= 8.0 Hz), 2.69 (s，12 H)，5.78 (d, 2H,J= 7.4 Hz), 7.53 (d, 8H , J = 
7.7 Hz), 7.90 (d，4 H, J= 6.6 Hz), 8.02 (d，4 H, J= 6.2 Hz), 8.63 (s，8 H). '^C NMR (100 
MHz, CDCI3): 5 21.3，22.2，116.8, 124.4, 126.7, 128.1, 132.0，134.2，134.6, 138.0，139.5， 
143.5, 167.6. HRMS (ESIMS): Calcd. For [C56H43N40Ir+H]+: m/z 981.3139. Found: m/z 
981.3134. 
Method B: The red suspension of Ir(ttp)Cl(CO) (16.4 mg, 0.018 mmol) and 4-
methylacetophenone (1.0 mL) was heated at 200 under N2 in the dark for 8 days to 
give a dark red solution. The excess 4-methylacetophenone was removed by vacuum 
distillation, the reaction mixture were then purified by column chromatography on silica 
gel eluting with a solvent mixture of hexane/CHsCb (2:1) to give (5，10,15,20-
tetratolyporphyrinato)(p-acetylbenzyl)iridium(III): p-Ir(ttp)CH2C6H4COCH3 5 as the first 
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portion. (5.2 mg, 0.005 mmol, 29%), which was further recrystallized from 
CHzCb/MeOH. R / = 0.33 (hexane/CHzCb = 1:2). ^H NMR (300 MHz, CDCI3): 6 -3.90 
(s，2 H), 2.245 (s, 3 H), 2.69 (s，12 H), 3.10 (d, 2 U , J = 8.1 Hz), 6.44 (d, 2 H , J = 8.1 Hz), 
7.52 (d, 8 H ， 7 . 8 Hz), 7.90 (d，4 H, J = 8.1 Hz), 8.00 (d, 4 H, J = 8.1 Hz), 8.47 (s, 8 
H). 13c NMR (75 MHz, CDCI3)： 5 -15.7，1.23，21.7，26.5，124.0, 126.5, 127.7，131.5, 
133.8, 137.4，138.8，143.2, 148.5，197.3. HRMS (ESIMS): Calcd. For [C57H45N40Ir]+: 
m/z 994.3217. Found: m/z 994.3269. IR (KBr, cm]) v(C=0) 1633(s). 4-
MeC6H4COIr(ttp) (4.0 mg, 0.004 mmol, 23%) was collected as the second fraction 
and starting material Ir(ttp)Cl(CO) 1 was collected as the third fraction (4.0 mg, 0.004 
mmol, 24% yield). 
Method C: Ir(ttp)Me (14.5 mg, 0.016 mmol) was dissolved in 4-methylacetophenone 
(1.0 mL). The red reaction mixture was heated at 200 °C under N2 in the dark for 9 d. The 
orange red solid of was isolated after column chromatography (8.8 mg, 0.009 mmol, 
54%). 
Reaction of Iridium Porphyrins with 4-MeOC6H4COCH3 
Method A: The red suspension of Ir(ttp)Cl(CO) (23.9 mg, 0.026 mmol) and 4-
methoxyacetophenone (1.0 mL) was heated at 200 under N2 in the dark for 3 days to 
give a dark red solution. The excess 4-methoxyacetophenone was removed by vacuum 
distillation, the reaction mixture were then isolated by column chromatography on silica 
gel eluting with a solvent mixture of hexane/CHiCb (2:1) to give 2 (3.7 mg, 0.004 mmol, 
16%) as the first fraction (R, = 0.87) and (5,10,15,20-tetratolyporphyrinato)(4-
methoxylbenzoyl)iridium(III): 4-MeOC6H4COIr(ttp) as an orange red solid. (13.0 
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mg, 0.013 mmol, 50 %) as the second fraction, which was further recrystallized from 
CH2Cl2/MeOH. R/= 0.41 (hexane/CHiCb = 1:2). ^H NMR (300 MHz, CDCI3) 6 2.57 (d， 
2H,J= 8.7 Hz), 2.69 (s，12 H), 3.45 (s, 3 H), 5.55 (d，2 H, J= 9.0 Hz), 7.52 (d，8 H, J = 
8.1 Hz), 7.93 (d, 4U,J= 7.8 Hz), 8.02 (d，4H,J= 5.7 Hz), 8.64 (s，8 H). " c N M R (75 
MHz, CDCI3): 5 22.2，55.5’ 111.2, 118.9，124.4, 128.2，132.0，134.2，134.6，138.0，139.4， 
143.5, 157.4. HRMS (ESIMS): Calcd. For [C56H43N402lr+H]+: m/z 997.3088. Found: 
m/z 997.3072. 
Method B: Ir(ttp)Me (15.0 mg, 0.017 mmol) was dissolved in 4-
methoxylacetophenone (1.0 mL). The red reaction mixture was heated at 200 °C under 
N2 in the dark for 6 d. The orange red solid of was isolated after column 
chromatography (6.1 mg, 0.006 mmol, 36%). 
Reaction of Ir(ttp)Me with Propiophenone 
Ir(ttp)Me (11.9 mg, 0.014 mmol) was dissolved in propiophenone (1.0 mL). The red 
reaction mixture was heated at 200 °C under N2 in the dark for 15 d. The orange red solid 
4c31 was isolated after column chromatography (1.5 mg, 0.016 mmol, 11%). 
Reaction of Ir(ttp)BF4 with Acetone 
The red suspension of Ir(ttp)BF4 (10.3 mg, 0.011 mmol) and acetone (1.0 mL) was 
heated at 200 °C under N2 in the dark for 2 days to give a dark red solution. The excess 
acetone was removed by vacuum distillation, the reaction mixture were then isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane/CH2Cl2 
(2:1) to give Ir(ttp)Me 2 as the first fraction (3.0 mg, 0.003 mmol, 31%, R / = 0.87) and 
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(5,10,15,20-tetratolyporphyrinato)(acetyl)iridium(III): Ir(ttp)C0CH3 (8a) (3.5 mg，0.004 
mmol, 35%) as the second fraction, which was further recrystallized from 
CH2Cl2/MeOH. R/= 0.31 (hexane/CHsCb = 1:2). NMR (300 MHz, CDCI3) 5 -2.82 (s, 
3 H), 2.69 (s, 12 H), 7.54 (d，8H，J= 8.1 Hz), 8.02 (d，8 H, J= 7.8 Hz), 8.68 (s, 8 H). '^C 
NMR (75 MHz, CDCI3)： 6 21.69, 124.0, 127.6’ 131.5, 133.6，134.0，137.5’ 138.8, 143.0. 
HRMS (ESIMS): Calcd. For [C5�H39N40Ir+H]+: m/z 905.2826. Found: m/z 905.2785. IR 
(KBr, cm-i) v(C=0) 1644 (s). 
Reaction of Ir(ttp)BF4 with 3-Pentanone 
Ir(ttp)BF4 (13.7 mg, 0.014 mmol) was dissolved in 3-pentanone (1.0 mL)，and the 
mixture was heated at 200 °C under N2 in the dark for 4 days. Excess 3-pentanone was 
removed by vacuum distillation. The reaction mixture was then purified by column 
chromatography on silica gel eluting with a solvent mixture of hexane/CHzCb (2:1). (The 
silica gel was first deactivated by the addition of water (5 mL of water/100 g of silica 
gel).) A brownish red solid Ir(ttp)Me 2 (2.8 mg, 0.003 mmol, 22%) was collected as the 
first fraction. The red solid of (5,10,15,20-tetratolyporphyrinato)(propionyl)iridium(III): 
CH3CH2COIr(ttp) 8b3i (5.5 mg, 0.006 mmol, 41%) was collected as the second fraction 
and was further recrystallized from CH2CI2/ MeOH. Rf= 0.66 (hexane/CHzCb = 1/2). 
N M R ( 3 0 0 M H z , CDCI3)： 6 - 3 . 2 0 ( q , 2 H , J = 1 2 H z ) , - 1 . 7 1 ( t , 3 H , J = 1 1 H z ) , 2 . 6 9 ( s , 
12 H)，7.52 (d，8 H，J = 8.1 Hz), 8.02 (d，8 H, J = 7.8 Hz), 8.67 (s, 8 H). HRMS 
(FABMS): calcd for [C5iH4iN40Ir + H]+，miz 919.2982; found, miz 919.2973. An orange 
red solid, Ir(ttp)C0CH3 8a (4.9 mg, 0.005 mmol, 37%) was collected as the third fraction. 
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Reaction of Ir(ttp)Cl(CO) with Benzene 
The red suspension of Ir(ttp)Cl(CO) (16.1 mg, 0.020 mmol) and benzene (1.0 mL) was 
heated at 200 °C under N2 with the presence of 20 equivalents of KOH in the dark for 4 
days to give a dark red solution. The excess benzene was removed by vacuum distillation, 
the reaction mixture were then purified by column chromatography on silica gel eluting 
with a solvent mixture of hexane/CHaCb (2:1) to give (5,10,15,20-
tetratolyporphyrinato)(phenyl)iridium(III): Ir(ttp)Ph 10 as an brownish red solid. (10.9 
mg, 0.013 mmol, 65 %), which was further recrystallized from CHaCb/MeOH. R/= 0.54 
(hexane/CHzCb = 1:2). ^H NMR (300 MHz, CDCI3): 5 0.53 (d，2 H，J= 8.1 Hz), 2.68 (s， 
12 H), 4.69 (t, 2H,J= 7.5 Hz), 5.19 (t，1 H，J = 7.2 Hz), 7.53 (t, 8 H, J = 4.5 Hz), 7.99 (t， 
4 H，J= 2.4 Hz), 8.01 (d, 4 H，J= 2.1 Hz), 8.58 (s, 8 H). " C NMR (75 MHz, CDCI3): 5 
21.68, 120.16, 123.24, 124.15，127.60, 129.10, 131.56, 133.71’ 134.22，137.40, 138.79, 
143.08. HRMS (ESIMS): Calcd. For [C54H4iN4lr]+: m/z 938.2955. Found: m/z 938.2974. 
Reaction of Ir(ttp)Cl(CO) with Benzophenone 
Ir(ttp)Cl(CO) (19.4 mg, 0.021 mmol) was mixed with benzophenone (mg, mmol) and 
10 equivalents of KOH. The mixture was heated at 200 °C under N2 in the dark for 1 d. 
The brownish red solid of Ir(ttp)Me 2 was isolated after column chromatography (1.5 mg, 
0.002 mmol, 8%). 
Synthesis of p-Ir(ttp)C6H4COCH3 (6a) 
The red suspension of Ir(ttp)Cl(CO) (20.3 mg, 0.022 mmol), 4-bromoacetophenone (4.4 
mg, 0.022 mmol) and 20 equivalents of KOH in benzene (1.0 mL) was heated at 200 °C 
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under N2 in the dark for 1 day to give a dark red solution. The excess benzene was 
removed by vacuum distillation, the reaction mixture were then isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane/CHiCl? (2:1) to 
give the red solid of p-Ir(ttp)C6H4COCH3 6a (14.0 mg, 0.014 mmol, 65%). 
Synthesis of m-Ir(ttp)C6H4COCH3 (6b) 
The red suspension of Ir(ttp)CI(CO) (31.3 mg, 0.034 mmol), 3-bromoacetophenone 
(6.8 mg, 0.034 mmol) and 20 equivalents of K2CO3 in benzene (1.0 mL) was heated at 
200 °C under N2 in the dark for 1 day to give a dark red solution. The excess benzene was 
removed by vacuum distillation, the reaction mixture were then isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane/CHzCl�(2:1) to 
give the red solid of m-Ir(ttp)C6H4COCH3 6b (21.0 mg, 0.021 mmol, 62%). 
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Part II Supramolecular Chemistry of Qo with Iridium (III) Porphyrin 
Methyl 
Chapter 1 General Introduction 
1.1 Supramolecuar Interactions 
For many years, chemists have synthesized molecules and investigate their physical 
and chemical properties.' The term "supramolecular chemistry" was first proposed by 
Lehn in 1978 and is now often defined as being "chemistry beyond the molecule". 
Various interactions and their energies are listed in Table l.!.'""^ 
Table 1.1 Various Interactions and Their Energies 
Bonding Nature of Interaction Range of Energy 
Interaction Interaction (kJ/mol) 
Ionic Bond Attraction between opposite charge oc r'^  >100 
atoms 
Covalent Bond Sharing of one or more pairs of bonding Very short 350-942 
electrons 
Supramolecular Interactions 
Electrostatic Coulombic attraction between opposite oc f i � 2 0 
Interaction charges 
Hydrogen Properly oriented dipole-dipole Very short 12-30 
Bonding interaction 
Coordinate Direction specific interaction between oc r"^  105-447 
Bonding metal ion and electron-rich atoms 
Van der Waals Polarization of molecules into dipoles oc r'^ 0.4-4 
Interaction 
Hydrophobic Interaction between two nonpolar oc r"^  <40 
Interaction molecules that tend to avoid water 
n-n interactions Interaction between systems containing oc r"^  0-50 
aromatic rings 
cation-7i Interaction between systems containing oc r'^ 5-80 
interactions aromatic ring and cation 
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The most important feature in the new molecular systems is that the 
components are held together by supramolecular interactions instead of covalent bonds. 
In this section, various supramolecular interactions will be overviewed. 
(1) Electrostatic Interactions. Electrostatic interactions occur between charged 
molecules (such as the ion-dipole and dipole-dipole interactions) (Figure 1.1). It is based 
on the attractive force observed between oppositely charged molecules and is directional 
The magnitude of this interaction is relatively large compared to other noncovalent 
interactions,5 which makes it an important tool for achieving strong binding. Dykstra has 
written recent review of electrostatic interactions.^ 
6 + ^ 0 6- 6 + ^ 0 6- ""” 6 + ^ 0 6-
Figure 1.1 Electrostatic interactions 
Pedersen first synthesized the receptor "crown ether" for Group 1 metal cations and 
was awarded Nobel Prize together with Lehn for this work in 1987. It was observed that a 
sodium ion can sit in the cavity of the crown, held by attractive electrostatic ion-dipole 
interactions between the alkali metal cation and the six oxygen donor atoms in the crown 
ether (Figure 1.2)7 
广 0 ’ 
I 丁 Tl 
L o J 
Figure 1.2 Crown Ether 
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(2) Hydrogen bonding. Hydrogen bonding is crucial during recognition because it 
only occurs when the functional groups that are interacting are properly oriented (e.g. the 
DNA double helix), which means that it is directional. Hydrogen bonding is one type of 
dipole-dipole interaction, where e.g., positively polarized hydrogen atoms in hydroxyl 
groups and amino groups contribute. Hydrogen bonds have been utilized in receptors 
designed to coordinate neutral organic species. An simple example involves hydrogen 
n bonds between carboxylic acids was shown below (Figure 1.3). 
O—H O 
\ 0 H—O 
Figure 1.3 Hydrogen bonding between carboxylic acids 
Some recent reviews of hydrogen bonding: (a) hydrogen-bonding studied by 
spectroscopy,^ and (b) dihydrogen bonding，� have been published. 
(3) Coordinate bonding. It is another type of direction-specific interaction. This type 
of interaction usually occurs between metal ions and electron-rich atoms. Such 
interactions have been utilized in the formation of supramolecular assemblies. The 
example shown in Figure 1.4 illustrates catenane preparation via tetrahedral coordination 
to Cu(I). Removal of Cu(I) completes catenane formation." A recent review titled "new 
12 self-assembled structural motifs in coordination chemistry" has been written. 
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H O i y H o广 
-〔〔:錄：〕’ 
H O ^ ^ O H 〔 。 � ^ ^ � y 
(：：) 
Figure 1.4 Catenane synthesis via Cu+ coordination 
(4) Van der Waals interaction. It is an important weak interaction that arises from 
the polarization of molecules into dipoles (or multipoles). It can apply to all kinds of 
molecules. Although the individual interaction is weak, the combined cooperative 
contributions from numerous van der Waals interactions make a significant contribution 
to molecular recognition. However, it is difficult to design receptors specifically to take 
full advantage of van der Waals interactions. A recent review has been authored by 
Hobza.i3 
(5) Hydrophobic interactions. Hydrophobic interaction plays an important role in an 
aqueous medium. It is the driving force for hydrophobic molecules to aggregate in an 
aqueous medium. Water molecules around the apolar surfaces of a hydrophobic cavity 
arrange themselves to form a structure array (Figure 1.5).' 
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/ CrH Guest 
山，V 'H. - V \ J 
\ H^'O^'H ? J ^ ordered H2O 
+ disordered H2O 
Figure 1.5 Origin of the hydrophobic effect 
(6) n-n interactions. It occurs between systems containing aromatic rings. Attractive 
interations can occur in either a 'face-to-face' or 'edge-to-face' manner (Figure 1.6). For 
example, the double-strand structure of DNA is partially stabilized through ti-ti 
interactions between neighboring base-pairs.^ More examples and further undersanding 
can be found in reviews of supramolecular chemistry.� 
• Y 
^ ^ H 
face-to-face edge-to-face 
Figure 1.6 TT-TT interactions 
(7) Cation-7t interactions. Cations bind to the n face of an aromatic structure 
through a surprisingly strong, non-covalent force termed as the cation-7i interaction. The 
magnitude and generality of the effect have been established by gas-phase measurements 
and by studies of model receptors in aqueous media. Many direct and circumstantial 
evidence indicates that cation-7t interactions are important in a variety of proteins that 
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bind cationic ligands or substrates.i4 A typical example shows a K+ cation interacting 
with benzene with the strength of 19 kcal/mol (Figure 1.7)." 
K+ 
Figure 1.7 K+-benzene interaction 
1.2 Introduction of Ceo 
C60，as the most famous fullerene, was first discovered in 1985 by Kroto.'^ The 
structure of this "soccer ball-shaped" molecule consists of a sphere of sixty carbon atoms 
arranged in 12 pentagons and 20 hexagons; each carbon pentagon is surrounded by five 
carbon hexagons (Figure 1.8).'^ The important physical constants for Ceo molecule are 
listed in Table Generally Ceo has poor solubility in organic solvents. The 
solubility of Ceo in common solvents are listed in Table 
Table 1.2 Bond lengths in Ceo (Ref 17，18) 
Quantity Value 
Average C-C distance 1.44 A 
C-C bond length on a pentagon 1.46 A 
C-C bond length on a hexagon 1.40 A 
[6,6]-bond length 1.355(9) A " 
[6，5]-bond length 1.467(21}入口 
Volume per Ceo 
Number of distinct C sites 1 
Number of distinct C-C bonds 2 
Binding energy per atom 7.40 eV 
Electron affinity 2.65土0.05 eV 
First ionization potential 7.58 eV 
Second ionization potential 11.5 eV 
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Figure 1.8 Ceo 
Table 1.3 Solubility of Ceo in common solvents (Ref 18) 
Solvent Solubility (mg/ml) 
n-hexane 0.043 
cyclohexane 0.036 





1 -chloronaphthalene 51.0 
carbon disulfide 7.9 
tetrahydrofuran 0.0 
pyridine 0.89 
Fullerenes can also be chemically modified. The reactivity of Ceo is closer to that 
of an olefin rather than a benzene ring. The first chemical reaction of a fullerene, the 
Birch reduction of Ceo to the novel hydrocarbon CeoHse was achieved by the Rice 
University scientists.'^ Instead of protonation，a reaction involving alkylation of a 
fullerene polyanion was described in the presence of a large excess of lithium metal with 
A number of electrophilic additions to the cluster were also reported including 
Lewis acid-mediated arylation^ halogenation,^^ cation-mediated hydroxylationf 
alkoxylation24 已打^ osmylation.^^ Radicals were also observed to react readily with Ceo to 
OA 
give rather stable adducts. 
Fullerenes can bind directly to metal atoms via coordination bonds. An early 
example of this type of fullerene derivative is shown in Figure 1.8.27 八 direct bridge to 
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C60 is made through the Ir atom to two triphenylphosphine groups. The Ir-C(C6o) bond 
length is 2.19(2) A and the coordinated [6,6]-bond length is 1.53 A. Another example 
involves six Pt atoms attaching to one Ceo molecule (Figure 1.9)28, the unique 
coordinated C1-C2 length is 1.497(7) A. Further examples on metal complexes of Ceo are 
listed in a recent review.^^ 
Figure 1.8 Perspective view of (/7^-C6o)lr(CO)CI(PPh3)2^^ 




Pi P a / 
® P l E a 
Figure 1.9 Structure of [(Et3P)2Pt]6C6o^® 
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Fullerenes can also form host-guest complexes. Several examples of Ceo host-
guest complexes have been reported where Ceo is the guest molecule, e.g., Ceo-
hydroquinone，3° Ceo-y-cyclodextrin,^ ‘ and Ceo-calixarenes (Figure 1.10).^^ A special kind 
"host-guest" complexes of Ceo and metalloporphyrins will be discussed below. 
Figure 1.10 a "ball and socket" structure (Ceo and calixarene) 
1.3 Supramolecular Interactions between Ceo and Metalloporphyrins 
Supramolecular interactions between Ceo and metalloporphyrins lead to the formation 
of "host-guest" complexes. The guest is bound to the host structure through 
supramolecular interactions not by any covalent bonds. 
1.3.1 Discovery of Supramolecular Interactions between Ceo and 
Metalloporphyrins 
Reed and his co-workers first reported the selective supramolecular interactions 
between Ceo and porphyrins?^ The structure of H2tpp*C6o*3 toluene (tpp = 
tetraphenylporphyrinate) reveals a zigzag chain of alternating porphyrin/Ceo interactions 
(Figure 1.11). Ceo is centered over the porphyrin with electron-rich 6:6 ring-juncture C-C 
bonds in close approach to the plane of the porphyrin core (C to mean 24-atom plane 




Figure 1.11 Fragment of h^TPP.Ceo.S toluene^^ 
1.3.2 Development of Ceo-Metalloporphyrin Supramolecular Structure and 
Applications 
The supramolecular interactions have been strengthened by Jaw-like bis-
porphyrin (Figure 1.12)34 cyclic porphyrin dimers (Figure 1.13)35 higher affinity 
towards fullerenes than free metalloporphyrins. The porphyrin dimer was proved to have 
higher affinity towards C70 than C^q?^ By taking advantage of the tunable affinity of the 
porphyrin dimer towards fullerenes, choice of appropriate central metal ions of the host 
allows simple separation of C70 from a mixture of Ceo and C70. 
Figure 1.12 X-ray crystal structure of Pd metalated jaw-porphyrin/Ceo^^ 
71 
r : : r 
T ^ v 
1-M: R ' = Me, R® = Hex 
2-M = = E t 
M = 2 H, Co " , Rh" 'Me, Mi", C u " . Ag". Z n 
Figure 1.13 Structure of porphyrin-dimer^'^ 
A recent report by Aida suggests a 2:1 bis-metalloporphyrin-Ceo inclusion complex 
by spectroscopic evidence at low temperature (Figure 1.15).^^ However, it lacks of solid-
state structure evidence. 
勢Hft-參 
I D f u B e r a n e i D k J t e r a n e 
— • m 
I jDU Ie rene 
Figure 1.15 Complexation of porphyrin dimer with fullerenes and their 
dynamics^® 
Further exploitation of the supramolecular interaction has been utilized in the chiral 
separation of C76 with an optical active Rh bis-porphyrin dimer.^^ 
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1.3.3 Investigation on Ceo-Metalloporphyrin Bonding Nature 
With the discovery of the supramolecular structures, Reed and his co-workers 
made great efforts in investigating the bonding nature between fullerenes and 
metalloporphyrins. 
In most of the fullerene-metalloporphyrin structures, the 6:6 ring juncture bond of 
the fullerene, rather than the 6:5 ring juncture bond, lies closest to the porphyrin or 
metalloporphyrin plane. These 6:6 "double" bonds of fullerenes are more electron-rich 
than the 5:6 "single" bonds.^^ They are centered over the electropositive center of the 
porphyrin or metalloporphyrin with the closest C f u H e r e n e - t o - p o r p h y r i n plane distances of 
2.6-3.0 A.38 
The crystal structure of the complex of Fe(TPP)+ with Ceo was reported by Reed 
(Figure 1.16).39 The closest distance of Fe-C(por) is 2.63 A. The color of the crystal is 
green rather than purple, the expected color of the combined unperturbed chromophores. 
This implies charge transfer via coordinate bonding. The Fe(III) center is cationic, and its 
obital is only half occupied, suggesting that the direction of charge transfer is with 
the fullerene as the donor. 
® 
Figure 1.16 Molecular structure of the [Fe(TPP ) (C6o)r cation^® 
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C6o^ " fullerides appear to bind to metalloporphyrins more strongly than Ceo 
fullerenes.4o The Co-C bond in [Co"(TPP)(C6o)]" (2.28-2.32 A) is about 0.4 A shorter 
than that in Co"(TPP)-C6o (2.69-2.75 A), and the Co atom is displaced about 0.1 A from 
the mean porphyrin plane toward Ceo. This is consistent with the notion of the fullerene 
moiety acting as the electron donor to the metalloporphyrin. 
Porphyrin-fullerene films have been reported to exhibit an emission band at -800 
nm.4i This band is not seen in films of the separate chromophores or in solutions of the 
mixed components. It is therefore attributed to a charge transfer state arising from the 
fullerene-porphyrin interaction with porphyrin as the donor. 
Calix[4]arene-linked bisporphyrin hosts for fullerenes have been recently reported 
by Reed (Figure 1 . 1 T h e energy of the NIR (Near Infrared) absorption band moves in 
a predictable manner as a function of the electronic structure of the porphyrin, thereby 
establishing its origin in porphyrin-to-fullrene charge transfer. 
窗 
X � & I 
Figure 1.17 A calixarene bisporphyrin with varied X linkers"^ ^ 
Furthermore, Aida reported a Rh(III) porphyrin that shows the highest affinity 
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Figure 1.18 Association constants Kassoc of metalloporphyrin cyclic dimers with 
O 35 Oeo 
A chronological development of the understanding of bonding nature between 
fullerenes and metalloporphyrins is listed in Table 1.4. We can easily see that the binding 
nature still remains unclear and needs further investigation. 
Table 1.4 Chronological development of the understanding of bonding nature 
Year Bonding nature Reference 
1999 Charge transfer (Ceo to Fe(por)+) 39 
2000 Charge transfer (H2tpp to Ceo) 41 
2001 Metal-ligand binding (Rh(por)Me and C6o) 35 
2003 Charge transfer (Ceo to Co"(TPP)) 40 
2006 Charge transfer (Calix[4]arene-linked ^^ 
bisporphyrin to Ceo) 
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1.4 Objective of the Work 
Since the bonding nature of porphyrin-Ceo and metalloporphyrin-Ceo remains unclear, 
we envisioned that stronger interactions may exist for third-row transition metal 
complexes with Ceo due to the possible stronger coordination bond or charge-transfer 
interaction. 
The objective of this part of my thesis is to synthesize supramolecular structures of 
C60 with iridium porphyrins and gain further understanding of the nature of the 
supramolecular interactions. 
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Chapter 2 Supramolecular Interaction between Ceo and Iridium (III) 
Porphyrin Methyl 
2.1 Synthesis of C6o-Ir(ttp)Me Complexes 
As shown in Scheme 2.1, Ir(ttp)Me/C6o complexes 1，2 and 3 were prepared by 
mixing Ir(ttp)Me and Ceo in 1:1, 2:1 and 3:1 ratio, respectively in CsDe solution in air. 
Ir(ttp)Me was first dissolved in CeDe and then different equivalents of C6o was added. 
After mixing Ir(ttp)Me and Ceo thoroughly, the color of the mixture turned from brownish 
red to dark brown. Then the mixture was irritated in a Branson ultrasound sonicator (47 
kHz) for 5 min and filtered to another clean bottle. Upon removal of CsDs by rotary 
evaporation, the dark brown residue was weighted to calculate the yields. The isolated 
yields of 1，2，and 3 were all 100%. The purity of the products was ascertained by Thin 
Layer Chromatography and NMR analyses. 
I I 
1 2 3 
Scheme 2.1 Complexation behaviour of lr(ttp)Me with Cqq 
77 
2.2 X-ray Structure of Analysis of C6o-Ir(ttp)Me Complexes 
The single crystal of Ir(ttp)Me was obtained from slow evaporation of toluene 
solution containing a 1:2 ratio of C6o:Ir(ttp)Me by serendipity and the structure was 
determined by X-ray analysis (Figure 2.1). The iridium atom lies in the center of the 
porphyrin ring, which is almost planar as defined by the 24 atoms of the porphyrin ring. 
The N-Ir-Me angles are 90.2(4)，91.5(4), 91.0(4)，and 90.5(4)。，which show that the 
methyl group is perpendicular to the porphyrin ring. The bond length of Ir-Me is 
2.059(11) A，a typical Ir-C single bond；" 
C25 C56 C55 
C35 
Figure 2.1 X-ray structure of lr(ttp)Me (with 3 0 % probability displacement 
ellipsoids) 
The single crystal of 1 was grown from slow evaporation of toluene solution 
containing a 1:1 ratio of C6o:Ir(ttp)Me. The low temperature X-ray structure of 1 at -100 
°C shows disorder, presumably caused by the free-rotation of Ceo and limits the 
determination of accurate bonding parameters (Figure 2.2). The iridium center of the 
almost planar porphyrin defined by the 24 atoms locates on the 6:6 ring-junction C-C 
bonds ofC6o(C-C bond length at the [6，6] junction = 1.355(9) A).44 The coordinated C-C 
bond at the 6,6 position can not be determined because of the disorder. The bond length 
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of Ir(l)-C(14) is 2.466(9) A, which is much shorter than the sum of the van der Waals 
radius (3.09 入广 and longer than the typical T|^-coordinated Ir-C(C6o) bond length 2.19(2) 
A in (r|2-C6o)Ir(CO)Cl(PPh3)2 (coordinated C-C of bond [6,6 junction] = 1.53 A).^^ It is 
shorter and comparable to the distances of a metal atom with 6/6 bonds of Ceo (M…C = 
2.67-2.96 A) observed in two isomorphous complexes [M"(oep)]-C60'CHCl3 (M = Co and 
Zn)39,47 and coordinated C-C = 1.376 A in Co(tmpp).2C6o.3C7H8 (tmpp = 5,10,15,20-
tetraphenyl-21//，23//-porphyrinate).48 In view of the long Ir-C and short C-C bond 
lengths, it is unlikely that a formal Ir(III)-olefin complex has formed, especially with a 
strong trans effect of the methyl group. The packing diagram for 1 is shown in Figure 2.3. 
Figure 2.2 X-ray structure of 1 at 100 K (with 3 0 % probability displacement 
ellipsoids) 
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Figure 2.3 Packing diagram for 1 
The single crystal of 3 was grown from slow evaporation of toluene solutions 
containing a 1:3 ratio of C6o:Ir(ttp)Me. X-ray analysis of 3 reveals a novel supramolecular 
interaction structure. Figure 2.4 shows that the 1:3 C6o:Ir(ttp)Me complex 3 adopts a C2/c 
symmetric conformation. Three Ir(ttp)Me molecules are coordinated to one Ceo molecule 
to give a triangular-sandwich shape like complex. The iridium atoms reside in the centers 
of the porphyin rings, which are almost planar as defined by the 24 atoms of the porpyrin 
rings. Ir(ttp)Me locates on the 6:6 ring-junction C-C bonds of Ceo- The distances between 
the iridium atoms and the uniquely located carbon atoms are 2.464(12), 2.471(11) and 
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2.477(12) A, respectively, which are also between the covalent bond length and van der 
Waals radius and slightly longer than that in 1. Furthermore, the distance between the two 
unique carbons are 1.407(17)，1.407(17) and 1.42(2) A, respectively, which are longer 
than the [6，6]-bond length of 1.355(9) A observed in free Ceo-'^  The packing diagram for 
3 is shown in Figure 2.5. 
攀 / Hy 





- M l 
Figure 2.5 Packing diagram for 3 
Bond lengths of Ir-Me bond and bond angles of N-Ir-Me in Ir(ttp)Me, 1, and 3 are 
given in Table 2.1. There is no obvious change observed. The shortest Ir-C(C6o) bond 
lengths and the coordinated [6,6]-bond lengths in coordinated Ceo in 1 and 3 are also 
compared. 
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Table 2.1 Selected Bond Lengths and Angles in Ir(ttp)Me, 1，3，and Ceo 
1 M T rcr、 Coordinated 
Crystal | : ; 7 h ( A ) 二 S ) 二-hb；；^ N-Ir-Me angle (deg) 
I r _ ) M e 2.059(11) ；SS 卯洲‘丨洲， 
Ir(ttp)Me.C6o 1 2.059(9) 2.466(9) 1.396(18) 88.73(10) 
2 064(13) 2.464(12)， 88.8(5), 89.2(5)， 
3Ir(ttp)Me.C6o3 二】》、)，2.471(11),.】二)、“， 88.1(5), 89.5(3), 
人 ⑷ 2 . 4 7 7 ( 1 2 ) L 斗 … J 8 8 . 0 ( 3 ) 
[6，6]-bond length in free Ceo is 1.355(9) A. 
2.3 1h NMR Analysis C6o-Ir(ttp)Me Complexes 
Sequential addition of 1，2，and up to 3 equivalents of Ir(ttp)Me to Ceo in C g D s 
solution in air yielded the 1:1(1)，2:1(2) and 3:1(3) Ir(ttp)Me:C6o complexes, respectively. 
NMR spectroscopy of the porphyrin components is very informative about the 
structural details and the dynamics of the complexation.34，49 The NMR spectroscopic 
analysis of Ir(ttp)Me showed the Me-Ir signal at <5 = -5.869 ppm in CeDe solution. Upon 
binding to Ceo, the ring current effects from Ceo caused downfield shifts. The Me-Ir 
signals in 1，2，and 3 are at ^ = -5.485, -5.527 and -5.602 ppm, respectively. For complex 
2, there is only a single peak for the signal of the (3-pyrrole protons and one singlet for 
Me-Ir(ttp) signal, which indicate that the two coordinated metalloporphyrins are 
symmetrical. So the two iridium porphyrins should be perfectly parallel to each other as 
shown in Scheme 2.1. Further increase of the molecular ratios of Ir(ttp)Me:C6o to 4:1 and 
5:1 did not cause any change of chemical shifts, suggesting that the maximum number of 
Ir(ttp)Me interacting with Ceo is therefore three. The relationship between Ir(ttp)Me:C6o 
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Figure 2.4 Chemical shifts change of - M e group upon coordination of Ceo 
2.4 " C N M R Analysis C6o-Ir(ttp)Me Complexes 
Ring current effects o f the porphyrin caused upfield shifts in " c N M R of Ceo-
The signal o f free Ceo in CDCI3 is at ^ = 142.67 ppm.'^^ For 1，2，and 3, the signals of 
complexed Ceo were upfielded to 139.158，138.190 and 137.276 ppm, respectively. The 
peak widths at half maxima for 1, 2, and 3 in CDCI3 at 22 were measured to be 13.3, 
12.7, and 4.79 Hz, respectively (Table 2.2). This is in line with the decreasing fluxional 
behaviour (free rotation) of coordinated Ceo with increasing number of coordination of 
Ir(ttp)Me (Scheme 2.2). 
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Table 2.2 Selected '^C NMR Data for Ir(ttp)Me/C6o Complexes in CDCI3 
" C NMR(in CDCI3, Ir(ttp)Me ^ " ^ ^ 300 Hz) C60 1.1 2.1 3.1 
Chemical shift of C60 —— 142.67 139.510 139.021 137.276 
Peak width ofCgo (Hz) 13.3 12.7 4.8 
Peak width o f -Me 12.8 —— 9.45 9.69 5.53 
T 
13.3Hz 12.7 Hz 4.8 Hz 
Scheme 2.2 Decrease of fluxional behavior of Ceo with increase of coordinated 
lr(ttp)Me 
2.5 Binding Constant of C6o-Ir(ttp)Me Complexes 
The binding constants of the 1:1 complex of C6o:Ir(ttp)Me was preliminary 
determined by UV titration. 
UV-vis titration ofIr(ttp)Me (5.2xlO"^M) with excess Ceo (1.4x10-3 M) in benzene 
at 25 °C reveals the formation of a 1:1 complex. The UV-vis titration diagram is shown in 
Figure 2.5. The isospestic points further demonstrated the presence of Ir(ttp)Me*C6o 1 
only. (eq. 2.1，2.2) The absorption data at 430 nm was analyzed with equation 2.3,5° (乂爪. 
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absorption data of metal ion solution; Ac： absorption data changing with concentration of 
C60； absorption data excess Ceo), revealing the binding constant Kn = (1.95±0.00)xl0^ 
(calculated by Orgin 7.0)，and association constant n = 1.13±0.14 (Figure 2.6). 
K 
Ir(ttp)Me+nC6o Ir(ttp)Me(C6Q)n (2.1) 
厂= [ / K 印)Me(C6o)”] 
“[C,J[Ir{ttp)Me] (2.2) 
l o g ^ „ = l o g 4 ^ - « l o g [ L ] (2.3) 
— e 
1.2- V 
� . 8 : 1 i 
i � 
•Q.2 I 1 1 ~ ~ I 1 1 \ ‘ 1 1 ~ 360 400 450 500 550 600 
Wavelength (nm) 
Figure 2.5 UV-vis titration diagram for lr(ttp)Me.C6o 1 
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Figure 2.6 Plot of absorption change of lr(ttp)Me/C6o. 
After adding excess Ceo, the background absorption of Ceo increased 
tremendously and overlapped that of Ir(ttp)Me and brought in error in the absorption data 
obtained. So the background absorption of Ceo should be substracted and a non-linear 
least square fitting method should be applied to obtain the more accurate binding constant 
data.50 
2.6 Summary 
In conclusion, Ceo binds Ir(ttp)Me to give 1:1, 1:2 and 1:3 complexes. The 1:1 
half-sandwich and the first novel 3:1 triangular-sandwich metalloporphyrin-fullerene 
complexes were characterized both in solid and solution states. X-ray analysis revealed 
the details of supramolecular structure. NMR analysis showed the influence of bound Ceo 
to Ir(ttp)Me and indicated the fluxional behavior of Ceo in complexes. The binding 
constant was preliminarily estimated by UV-vis titration. 
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Experimental Section 
Ir(ttp)Me was prepared according to the literature procedure.^' 
All single crystals were immersed in Paraton-N oil and sealed under N2 in thin-
walled glass capillaries. Data were collected at 293 K or 100 K on a Bruker SMART 
1000 CCD diffractometer using MoKa radiation. An empirical absorption correction was 
applied using the SADABS program.^^ All structures were solved by direct methods and 
subsequent Fourier difference techniques and refined anisotropically for all non-hydrogen 
atoms by full-matrix least squares calculations on F2 using the SHELXTL program 
package.53 八^  hydrogen atoms were geometrically fixed using the riding model. 
'H NMR spectra were recorded on a Bruker DPX 300 (300 MHz) spectrometer. 
Spectra were referenced internally to the residual proton resonance in C6D6 (6 7.16 ppm), 
CDCI3 (6 7.26 ppm), or with tetramethylsilane (TMS, 5 0.00 ppm) as the internal 
standard. Chemical shifts (6) were reported in part per million (ppm). '^C NMR spectra 
were recorded on a Bruker DPX 300 (75 MHz) spectrometer or a Varian XL - 400 (100 
MHz) and referenced to CDCI3 (5 77.10 ppm) spectra. Coupling constant (J) were 
reported in Hertz (Hz). 
The UV titrations were carried out on a UV-Vis spectrometer equipped with a 
temperature controller. The titrations were carried out at temperatures of 25.0 (士 0.2) 
The temperatures of the solutions were measured by a thermal couple wire placed in a 
UV cell which was placed inside the sample compartment. Benzene was freshly distilled 
over sodium under N2. The UV spectra were scanned at 600 nm/min between 350 and 
700 nm. The experimental absorbance was measured at 430 nm. 
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Synthes i s of I r ( t t p ) M e / Q o Complexes 
Ir(ttp)Me:C6o= 1:1(1) 
Ir(ttp)Me (5.5 mg, 0.006 mmol) was dissolved in benzene (2.0 mL) to give a brownish 
red solution. Ceo (4.5 mg, 0.006 mmol) was added into the solution and mixed thoroughly. 
The mixture was treated in an ultrasonic cleaner (47 kHz) for 5 min to give a dark brown 
solution. The solution was filtered to another clean vulse and then benzene was removed 
by vacuum evaporation. The residual was dark brown solid 1 (10.0 mg, 0.006 mmol, 
100% yield). R /= 0.89 (hexane/CHzCb = 1:2). ^H NMR (300 MHz, CeDe): 6 -5.48 (s, 3 
H)，2.38 (s, 12 H), 7.26 (dd, 8 H，•/= 7.8，4.8 Hz), 7.97 (d, 4 H，J= 7.8 Hz), 8.06 (d, 4 H, 
J= 7.5 Hz), 8.87 (s, 8 H). '^C NMR (75 MHz, CDCI3): 8 -18.6，21.7, 123.2, 127.4 (d，J = 
9.2 Hz), 131.9，133.5 (d, J = 5.7 Hz), 137.2, 139.0，139.1 (Ceo), 142.3. Single crystal for 
X-ray diffraction analysis was grown from toluene/CHzCl�. 
Ir(ttp)Me:C6o = 2:l (2) 
Ir(ttp)Me (7.0 mg, 0.008 mmol) was dissolved in benzene (2.0 mL) to give a brownish 
red solution. Ceo (2.9 mg, 0.004 mmol) was added into the solution and mixed thoroughly. 
The mixture was treated in an ultrasonic cleaner (47 kHz) for 5 min to give a dark brown 
solution. The solution was filtered to another clean bottle and then benzene was removed 
by vacuum evaporation. The residual was dark brown solid 2 (9.8 mg, 0.004 mmol, 100% 
yield). R / = 0.89 (hexane/CHzCb = 1:2). ^H NMR (300 MHz, CeDe)： 5 -5.53 (s, 3 H)， 
2.39 (s, 12 H), 7 .23 (t, 8 H, J = 7.2 Hz), 7.90 (d，4H, J = 7.5 Hz), 8.04 (d，4 H, «/= 7.2 
Hz), 8.83 (s, 8 H). ^^ C NMR (75 MHz, CDCI3): 5 -19.7，21.6，123.1，127.4 (d, J = 10.6 
89 
Hz), 131.8, 133.5 (d, J = 10.1 Hz), 137.1, 138.1 (Ceo), 139.0, 142.2. Single crystal for X-
ray diffraction analysis was grown from toluene. 
Ir(ttp)Me:C6o = 3:1 (3) 
Ir(ttp)Me (14.2 mg, 0.016 mmol) was dissolved in benzene (2.0 mL) to give a brownish 
red solution. Ceo (4.5 mg, 0.005 mmol) was added into the solution and mixed thoroughly. 
The mixture was treated in an ultrasonic cleaner (47 kHz) for 5 min to give a dark brown 
solution. The solution was filtered to another clean bottle and then benzene was removed 
by vacuum evaporation. The residual was dark brown solid 3 (18.0 mg, 0.005 mmol, 
100% yield). R / = 0.89 (hexane/CHzCb = 1:2). NMR (300 MHz, CeDe): 8 -5.60 (s, 3 
H), 2.40 (s, 12 H)，7.20 (t, 8 H,J= 8.1 Hz), 7.91 (d，4H,J= 7.2 Hz), 8.01 (d，4H,J = 
7.8 Hz), 8.81 (s, 8 H). '^C NMR (75 MHz, CDCI3): 5 21.66，29.86, 123.3，127.4 (d, J = 
11.1 Hz), 131.6，133.6 (d, J = 5 . 6 Hz), 137.1，137.3 (Ceo), 138.9，142.4. Single crystal for 
X-ray diffraction analysis was grown from toluene. 
UV Titration 
Preparation of Ir(ttp)Me solution: Stock solution of Ir(ttp)Me in benzene was prepared 
by dissolving Ir(ttp)Me (2.8 mg, 0.003 mmol) was dissolved in benzene in a 5.00 mL 
volumetric flask to form a brownish red solution. A 40 uL of the stock solution was 
diluted in another 5.00 mL volumetric flask. Benzene was added to the mark to give the 
Ir(ttp)Me solution for UV titration (5.113x10"^ M). 
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Preparation of Ceo solution: Ceo (5.2 mg, 0.007 mmol) was dissolved in benzene in a 
5.00 mL volumetric flask to form a purple solution (1.444x10"^ M) for UV titration. 
UV titration data: 
Ir(ttp)Me solution (5.113x10"^ M, 3.00 mL) was transferred into a UV cell. The UV 
spectra were scanned between 350 and 700 nm. The UV titration data at the absorption 
peaks is given in Table 1. 
Table 1. UV titration data at 410 nm 
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Figure 2. The conformation of the porphyrin in Ir(ttp)Me, 1，and 3 (there are two kinds 
of porphyrin planes in 3)，showing the displacements of the core atoms and of Ir from the 
24-atom least-squares plane of the prophyrin core (in pm; positive values correspond to 
displacement towards the methyl ligands). Absolute values of the angles between the 
pyrrole rings and the least squares plane of the 24-atom porphyrin core are shown in bold, 
and absolute values of the angles between the least-squares plane of the phenyl 
substituents and the 24-atom least-squares plane are shown in italics. 
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Table 1. Crystal Data and Structure of Refinement Parameter of Ir(ttp)Me, 1 and 3 
Ir(ttp)Me r i [ 3 
empirical C49H39N4lr I/2C7H8 C49H39N4lrC6o2C3C49H39N4lrrC6o-2 
formula .H2O HCI3 CvHg 
formula wt 940.13 1835.38 3532.99 
Temp (K) 293 (2) 173 (2) 1773 (2) 
wavelength(A)0.71073 0.71073 0.71073 
cryst syst Triclinic Tetragonal monoclinic 
space group PT P4/n C2/c 
unit cell dimens 
a (A) 11.342 (3) 14.486 (4) 24.194 (5) 
b i A ) 14.343 (4) 14.486 (4) 28.643 (6) 
c(A) 18.969 (5) 17.667 (5) 29.477 (6) 
a(deg) 85.688 (5) % % 
/?(deg) 82.104 (5) % 105.038 (4) 
r(deg) 78.890 (5) % % 
Volumn (A勺~~ 2995.4(13) 3708 (3) 19728 (7) 
~Z ~2 2 r 
Calcd density (g 1.042 1 1 % 
cm-3) 
abs coeff (mm" 2.260 2.079 2.071 
1) 
厂(000) ^ 
cryst size ( m m ) 0 . 5 x 0.4 x 0.3 0 .3x0 .2x0 .1 0.40 x 0.30 x 0 . 2 0 ~ 
6 range for data 1.09 to 25.00 1.82 to 24.99 1.12 to 25.00 
collection (deg) 
limiting i n d i c e s - 1 3 < h < 1 3 - 1 7 < h < 1 7 -28 < h < 28 
- 1 7 < k < 1 6 - l l < k < 1 7 -34 < k < 2 7 
99 
-22< 1 < 20 -20<1<21 I -35 < 1 < 33 
^？rflns 16262/ 18922/ 51948/ 
collected/ 
unique 10493 3279 17345 
[R (int) = 0.0329] [R (int) = 0.0301] [R (int) = 0.0818] 
completeness to 99.3 100.0 99S 
(9=25 
absorp corr SADABS SADABS SADABS 
max. and min. 1.0000 and 1.0000 ^ 1.000 and 0.486385 
transmn 0.199479 0.733078 
refinement Full-matrix least- Full-matrix least- Full-matrix least-
method wquares on F^ wquares on F^ wquares on F^ 
^？data/ 10493 /49 /560 3279 / 34 / 322 17345/53/ 1064 
restraints/ 
params 
GOF f m L O ^ r ^ 
final R indices R l = 0.0732 R1 =0.0410 R1 = 0.0728 
[I>2o{I)] 
wR2 = 0.2267 wR2 = 0.1032 wR2 = 0.2154 
R indices (all = 0.0877 R1 = 0.0442 R1 =0.1423 
data) 
wR2^ = 0.2437 wR2 = 0.1070 wR2 = 0.2790 
largest diff peak 2.833 and-1.835 2.747 and-1.948 3.734 and-1.517 
and hole (e A^) 
� ^ = S ( l N H F c | | ) / 2 > � | � / ? 2 = f ^ [ 4 ; 2 - F c 2 ) 2 ] / : E [ 4 ; 2 ) f 2 
100 
List of Spectra II 
No Spectra Page 
1 NMR Spectrum of Ir(ttp)Me 
2 13c NMR Spectrum of Ir(ttp)Me 103 
3 1h NMR Spectrum of 1 104 
4 13c NMR Spectrum of 1 105 
5 1h NMR Spectrum of 2 106 
6 13c NMR Spectrum of 2 107 
7 1h NMR Spectrum of 3 108 
8 13c NMR Spectrum of 3 109 
9 1h NMR Spectrum of Ir(ttp)Me:C6o = 4:1 110 
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Syntheses of Acylii idium Porphyrins by Aldeliydic 
Carbon—Hydrogen Bond Activation with Iridium(in) Porphyrin 
Chloride and Methyl 
Xu Song and Kin Shing Chan* 
Department qf Chemistry, The Chines* UnitvrsiO' qf Hong Kong. Shatm. New Territories, Hong Kong. People 's Republic of China 
ReceiKwi S印tembtr 15. 2006 
Acyliiidium porphyrias were synthesized by the reactions of aryl aldehydes with iridium(III) poipliyrin chloride and methyl under solvent-free conditions with high yields. Selective aldehydic cai^ jon hydrogen 
bond activation (CHA) was observed without any aromatic CHA in all tlie cases. Mechanistic mvestigation on tke reactions with Ii<ttp)Cl(CO) suggested that (t^ )Ir cation was a likely intermediate of aldehydic 
CHA, wheiieas the CHA with ^ t t p ) M « imdem'cnt an oxidative addition or a bond metathesis pathway. 
These reactions provided a facile synthesis of (ar>'lacyl)iridium poiphyiins. 
In t roduct ion Previously, we have reported the selective, aldehydic CHA of aromatic "aldehydes with R]i'n(ttp)Cl (ttp = tetrakis(4-tolyl)-The cleavage of caibon hycht^ en bonds using transition metal poiphytiuato diauiou) to give acylrhodium po^hjiins.' In complexes plays an important role in converting saturated exploring the CHA chemistry of mjetalbpoiphyrios^  we liave hydiocaibons to functionalized organic compounds.Caibon- discovered that aldehydes reacted with both Ir(ttp)Cl(CO) and 
hydrogen bond activation (CHA) with late transition metal Ir(ttp)Me in soh-ent-ftee conditions selectively at the alde^-dic complexes has attracted much interest; due to the wide caii>on-hydrog«n bond to afford stable acj'liridiumpoiph^ iim. functional group tolerance m substrates oftliese complexes. Acyl These rea^oas provide cleau and convenient syndeses of Ir-transition metal con^ ilexes are important compounds became (ttp)COR and illustrate a unique t>pe of CHA by high-valeat tbey are iatenuediates m cartonylation and decaibonjiation iridium(ni) complexes. ‘ raactions of aldehydes and ketones.* The syntheses of acytmetal 
complexes aie often accessible via the aldehydic CHA reactions Rejul ts and Discussion ofRCHO with low-valent transition metal complexes. Althou^  the examples of aldeliydic CHA with iiidium are abundant, most Ii<ttp)Cl(CO) (1) react«i wMi PhCHO under solvent-fiBe 
of the activations wtre focused on iridium®.' In shaip contrast, conitknis to give Ii<ttp)COPh (Ia) m the absence of light under the aldehydic CHA with Ir^ II) complexes are much less nitixjgen. Initial, Ii<ttp)Cl(CO) (1) reacted with benzaldehj'de r^ oited, widi Cp*IrMei(DMSO)« and Cp«IrMe(OTf)' being at 100 for 2 days to give only trace amount of Ir(tfp)c6Pk the two most studied con^ exes. Fmthjeimone, the IrCO com- At 150 °C after 2 days, a higher yield of 16% of Ii<ttp)COPh plexes always gave iridium acyl hydrides, while Ir(III) affbixUd was obtained. Wbm the temperature was increased to 200 "C, iridium alkyk after facile decaibonylatioaA'' 62% yield of Ir(ttp)COPh was obtained after 2 days. Since Ir-
(ttp)Cl(CO) IS reactive toward common solvents such as THF, • To vliom coriespocdeoce should be addressed. E-mail ether, and totuene under high temperature^  excess substrates ksciiicTihk^ hk^  were used as solvent. This CHA reaction was very selective, 
(1) Amdtseii, B. A.： Bergman. R. G. Scmcf 1995.770. 1970-1973. . , ^ , ^ • , . ‘ (b)J(i«i. W D.Jcc. Omt 2003.36.140. (c) Ubrngw. J. A^  Bocaw, without any aromatic CHA product or other mdium poipli>iia J E iVarur« 2002.417. 50T. (<n Bhalli. G.; Liu, X Y: 0x^4 J.; Goddard. alkyl fomwd at various temperatures (Table 1, eq 1). Hie W. A., m； Pnma, R. A J. im Chem Soc. 2005, J27,11372-11589. alcU^ -dic CHA of Ii<ttp)Cl(CO) appeared to be cleaner than 
G • ？ ： 坊 恐 【 溢 紐 … 宽 J that of Rh(«p)Cl . no Ir(«p)Bn職 observed-M • Yung. C. M.; Arndtsca. B. A ： Adimson, D. R. Bergman, R. G. J. Jm. When the optimized reaction coeoditiom were applied to 
CAoti. Soc. 2002, 124,1400-1410. various ‘substituted aiyl aldehydes, highly selective aldehydic 
J.； Flood. T. C. OrianomttaSSks IWO. b. 2523- 2528. g) as the sole Uphophflic paoducts m moderate to good yields (4) Abu-Hasmuyn. F.; Goldman. M E.: Goldman. A. S. J. Am Chm (Table 2. eq 2). Accordiug to thin layer chromatograpLy analysis ^•s^^J'oiii^'PiS/E'Nl" t^PBM M poveda. ML. 见权 spectram of the crude reaction mixture, no otber SalSaaS'V.. cll^'u. £**>. Soc. 1 縱 /i/. 24S-249." (b) iridium poiTJiyrin m>! was observed. BoA Ae reaction yields 
B k b i c t I K a , Atvood, J. D Organometallicz 1 9 S 8 . 7. 235-33€. (c) and rates were affected by the electronic effect of some of the BKDard. K. Awooi J. D O^m t^allin S. 795- 800 substituents. 4-Fluoioben2aldeh>'de gave the highest product 
Uodvatter. E. F.; RiuchftKS. T. R. Orgmomgallia 1982. ；, 506-513. , r o , : „ i c i, / 't,-^ . ？T 
(.)Rauch&>». T. B. J. im. Omt Soc. 1979,101,104S-1047. (1) Tbam. of 2e m 92 / . m 15 h (eati^ 5), and the « a chon with D. L. J. Mol Catal： A CMtm. 19B2.17. (g) Ko. I; Joo. W.-C. 4-(aA^ -tnfhiOTomethyl)be!nzaldehyde only took 6 li to give BuU. Zortwi Cfun Soc. 1987. S. 372-376. 70% vield of 2g (entry 7), whereas 4-niethyIben2aldeliyde ChS ^ S^sfiS"： ？ K : J. S.； P^M. yu. Orsmomt,. 啦cte'd with L<ttp)Cl(CO) at 200 T ia 4 days to give only 
(7) AUsno. P. J^ Anukseo. B. A.: Ba-gmw. R. G. Organmnmilia 2000. 
iP. 2130-2143. “ (8) Chm. K S.i Lau, C. M. OrssmmetaUics 2006, 25, 260-265. 10.1021, otnOWm?- COC: S37.00 O 2007 American Cbemiad Society 
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Table 1. Optimization of CHA of PhCHO with ^ ^ ^ 
Ir(ttp)Cl(CO) 
a n y tempCC) time{d) isolated yield (%) 
1 ^ ^ ^ ？ r “ ^ ^ ^ ^ ^ ^ 
3 200 2 62 ^ 
Table 2. CHA of A n l Aldehydes with Ir(ttp)Cl(CO) Figui e 1. ORTEP drawing of Ir(ttp)COPh (2a). 
•r<Hp)Ci(CO> + f g - ^ " ^ c h o , ,2) Table 4. Selected Bond Lengths and Bond Angles of 
1 ^ Compounds 2 a - f ！ _ _ _ 
rc ^ i soUtedcon^ (yield, %) enhy F G I r - q O ) length (A) angk H 1 H.2a 2.038(12) 118.8(7) 
, " . ； 2 OMe. 2b 2.292(11) 117.6(8) 
T 4 d 3 Me, 2c 1.978(14) 1 1 6 ^ 4 4 � isd ； 4 •Bu.M 2.004(15) 119.9(10) 
5 F 5 h v j S 5 F .2e 1.997(9) 1 1 7 糊 
6 CI I s d 2 t ( 5^ 6 C U f 1-970(3) 117.45(16) 
7 CF' 6 h 2E (70) 
obtained by using 4-CF3C6H4CHO (Table 3, entry 7), wliile tlie 
42% yield of 2c (entry 3). 4-Methoxylbenzaldehyde reacted with longest reaction time was required by 4-re? r-bnt>'lbcnzaldehyde 
Ir(ttp)Cl(CO) to produce 2b in 62% yield (entry 2). lu contrast, (Table 3’ entry 4). 
It reacted with Rh(ttp)Cl to give no aiylrliodiura complex but No obvious improvement was observed m the CHA of 
only 11% yield of Rh(ttp)Me.« Unfortunately. 4-(iVJV-di- stencaUy unhindered aliphatic aldehydes with Ir(ttp)Me. Ir(ttp)-
mcthyamino)bcnzaldcbyde and 4-cyanob«izaldehyde gave urn- Me reacted with C2H5CHO to give 3 m 55% yield after 2 days 
dentified products. («1 5). The bulky 'BuCHO remained unreactive. 
Ir(ttp)Cl(CO) also showed high selectivity in reactions with ^^  ^^^^ 
aliphatic aldehydes. Ir(ttp)Cl(CO) reacted with the eoolizable irtttp)Me + CjHjCHO {ttp)irC0CjH5 (5) 
aldehyde C2H5CHO to give only the aldehydic CHA product 4 200®C, 2d 3 55% 
Ir(ttp)COC2Hs (3) in 58% yield, without any reaction at the 
a-carbonyl C - H bond (eq 3). In contrast, Rh(ttp)Cl reacted The carbonyl stretching frequencies of Ir(ttp)COAr appear 
with aliphatic aldehydes at 200 °C in 2 days poorly to give from 1660 to 1680 cm""�. They are lower than those of Rh-
very low yields of acylrhodiiim porphyrins.^ Furthermore, Rh- (ttp)COAr ranging from 1690 to 1720 cm""Apparen t ly , the 
(oep)C104 (oep = octaethylporphyrinate), being more Lewis stronger indium to carbonyl electron donation may cause the 
acidic, reacted with enoUzable caibouyls at the a-carbonyl C - H lowering in stretching frequencies. 
bond. ' Iridium complexes, being more electron rich and less X-ray Details. The collection and processing parameters of 
Lewis acidic, likely underwent selective "oxidative addition" single-crystal data for complexes 2 a - f are given in the 
at the aldehydic C - H bond. Stmcally hindered •BuCHO Supporting Information. Table 4 lists selected bond lengths and 
however failed to give an acylindium complex. angles. The bond lengths of I r - C are similar to the reported 
R h - C bond lengths in Rh(ttp)COR (1.95-1.98 A)® and the I r -Nz. Dark C(0)-Cu^ •l angles are not affected bv the ptrra-siibstitutents 
_)CKCO) • C 2 H 5 C H O - - 帅 ( 3 ) (Table 4)；Moreover, from the calculated dihedral angles and 
1 atom displacements (Supporting Inforuiation), all iridium atoms 
Ir(ttp)Cl(CO) IS coordmatively saturated and might not be do not lie m the d e M 24-atom Icast-squa^s plane but deviate 
very restive. Therefore, the coordmatively unsaturated and - P l � e . In the solid state. 2a , c - f adopt monomenc 
clcctron-nch Mttp)Mc (4) was then exammed.8->o To our delight. structures, whexc^ 2b is a coordination m which the 
— f u l 二 CJ^ occured W = 温 1 。品严二。二? 二 = = 
vancd with some substitvMMits. The shortest reaction tune was 山e methoxyl group appeared identical, which caused the 
disorder of the X-ray structure. As a representative. Figure 1 
Table 3. CHA of A n l Aldehydes with Ir(ttp)Me shows the molecular structure of Ir(ttp)COPh (2a) (30% thexmal 
N2.D«t< a ^ ellipsoids). 
lr(np)Me • FO-4 ^ C H O — ~ - >-FG (4) Mechanism: Ir(t»p)Cl(CO). Scheme 1 shows the proposed 
4 扣®^  (ttpHi^  ^ mechanism of die aldehydic CHA with Ir(ttp)Cl(CO). InitoaUy, 
Ir(ttp)Cl(CO) undergoes loss of chloride ion at 2 0 0 � C to give 
^ ^ 二她•吻 the coordinatively unsaturated Ir(ttp) cation A ” possibly — 
2 OMe 4 2b (73) (9) Oayama, Y.; Taaaka, Y.; Yoihida. Y.; Toi, R ; Ogoshi, H. J 3 Me 6 5 2c (55) Orgaiiomet. Chem 1987,329,251-266. 
4 31 2d (74) (10) Golden, J. T.; Andereai, R. A.; Beigmau, R. G. J Am. Chem. Soc. 5 F 2 >(88) 2001,123,5837-5838. 
6 a 18 2f(63) (11) Aoj-sona. Y . ; Yoshida, T.; Sakurai, K . L ; Ogoshi, H. Organonvtallics 
7 1.5 2G(62) 1986,5, 1 6 8 - 1 7 3 . 
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Scheme 1. Mechanism of Aldehydic CHA with Scheme 2. Two Possible Mechanisms of Aldehydic CHA 
Ir(ttp)Cl(CO) wUh Ii-(ttp)Me . 
200 °C PhCHO … 1 
lr(tlp)CI(CO) lr(ttp)Vlr{ttp)(CO)%Cr 
A / [p t . (OK： I Me 
O lr(ttp)Me • PhCHO\ Oxidative Addition PhCOIKltp) • CH, 
l r ( t tp ) - ->-Ph PhCOIr(tip) +HCI \ 力 „ (^丨刚 i t ^ ^ 
B 丨！ 
. H - — q O ) P h 
partial dissociation of CO Ugand. The carbonyl oxygen of aryl sgma Bood Metathesis 
aldrhyde di«i coordinates to tlie Ir(ttp) cation to give B. Finally. 
the aidehydic C - H bond is activated via heterolysis to give only gave coordination product (the NMR spectmm showed 
Ir(ttp)COAr and a proton. upficld shifts of PPhj signals aiid the methyl gxoup signal, split 
The formation of the Ir<ttp) cation intermediate was supported ^^^ a doublet with = 7.2 Hz), which completely shuts down 
by the rate-accejeratcdreacjon of"I r<t tp)BF4- '^ t tp)BF4"w^ . CHA reaction and fiirther suggests the requirement of a 
synthesized as an msqja iabk mixture of Ir(ttp)BF4 and Ir(ttp)- 观油！ coordination site m the reaction with Ir(ttp)Me. by an 
BF4(C0) (Ir(ttp)BF4:(CO)Ir(ttp)BF4 = 3 : 1 ^ 0 : 1 ) from the associative mcchanism. Furthermore, addition of 2.6-di-tot-
reaction of AgBF4 with Ir(ttpX:i(CO) 61 Then ‘‘j^ttp)BF4， butylpyndme did not change the rate and yield of reaction (eq 
T r ^ P h ^ ^ at 2 0 0 � C mjus t 2 h to gvv^ 9). Ti,„eforc. heterolysis is excluded. Most likely, t h . "mtcmal 
Ir(ttp)COPh (2a) m 30% yicW (cq 7) compamg wath base’，of methyl group possibly reacts with PhCHO m a a s -
Cl(CO) which took 2 days. TTie lower yield for 5 was likely either by oxidative addition or a-boad metathesis 
dut to Its thCTmal decomposition or other side reactions. (Scheme 2) to give Ir(ttp)COPh. 
lr(ttp)CI(C0)»AgBF4 lr(ttp)BF4/Ir<ttp)BF4(C0) (6) O Nj . Dark 
1 5 80* (lttllp)BF4/ (C0)lr(Up)BF4»3/1 - KVI) lr<ttp)Me ~ 2 0 0 。 C ‘ 
I — � ‘ 
, ^ 二 F O ^ O (9) 
^ lr(ttp) 
The heterolysis step was substantiated by the rate enhance- 5h 55% 2a 
ment with added 2,6-di-;e77-but>lpyndme m the reaction of l r - I|u, gu c-ja, 
(ttp)Cl(CO) with PhCHO (eq 8) (Tabic 2，entry 1). Likely, die 
2,6-di-r«r/-but>'lpyridme promoted the abstraction of proton in Conclusions 
the aryl aldehyde indiiim poiphynn complex B. Such base-
enhanced CHA reactions have been recently reported.'- " No Facile syntheses of stable irdiiim acyl complexes were 
obvious rate enhancement was observed in the reaction between achieved through clean and selective aldehydic CHA with lugli-
Ir(np)Cl(CO) and 4-FC«H4CHO (eq 8) (Table 2, entry 3). We valeut Ir(III) complexes. Prelimuiary mechanistic experiments 
do not imdentand the difference. The fluoro group may compete suggest Ir(ttp)Cl(CO) likely activates aldehydes m an electro-
to coordinate to the lr(ttp) cation and lowers the concentration plulic manner with subsequent heterolysis while Ir(ttp)Me 
of I r - aldehyde complex. Therefore, the base-promoting effect undergoes either an oxidative addition or a a-boiid metathesis 
of this substrate is not prominent. pathway. 
f ! ^ /P Expeiimental Sectiou 
lr(ttp)CI(CO) + ~ — ~ -
1 H O Unless otherwise noted, all reagents were purchased from 
10equiv.>j^N''^ commercial suppliers and purified before use. Hexane for diro-
Q matography was distilled ^ m anhydrous calcium chloride. Tet-
FG—/~~V—^ (8) rahyrofiiran (THF) was distilled from sodium benzophenone ketyl 
\ = / ^ii^ttp) prior 10 use. Ir(ttp)Cl(C0y5 and Ir(ttp)Me" were prepared according 
to the literature procedure. Thin layer chromatography was 
rc=H 1.5 d 74% 2a performed on precoated silica gel 60 F154 plated. Silica gel (Merck, 
=F 12 h 68% 2e 70-230) was used for column chromatography in air. 
'H NMR spcctra were recorded on a Brukcr DPX 300 (300 MHz) 
Mechanism: Ir( t tp)Me. The mechanism of CHA bylr(ttp)- spectrometer. Spectra were refcrenccd internally to the residual 
Me appears to undergo an associative type mechamsm of either proton resonance in C«D« (d 7.16 ppm) or CDClj (6 7.26 ppm) or 
oxidative addition or a-bond metathesis^ " rather than dissocia- vvith tetramethylsilane (TMS, d 0.00 ppm) as the internal standard, 
tive homolysis or heterolysis (Scheme 2). The I r - M e bond is Chemical shifts (5) were reported in part per million (ppm). "C 
stronger than R h - M e bond, which is about 58 kcal/mol.»* At NMR spectra were recorded on a Bniker DPX 300 (75 MHz) 
200 "C, the rate of homolysis or heterolysis of I r - M e is too spectrometer or a Vanan XL-400 (100 MHz) and referenced to 
slow to be a viable pathway. The addition of PhjP to Ir(ttp)Me CDCI3 (d 77.10 ppm) spectra. Coupling constant (J) were reported 
(12) Harklim. S. B ： Peten, J. C Oyanomttalhcs 2002.21,1753-1755. (14) Wavland. B. B.; Ba, S.; Sheny, A. E. J. Am. Chem Soc. 1991, 
(13) Uang. L C.; Lin. J. M ; Lee. W. P. Chrni Commun. 2005, 2462- 113. 5305-5311. 
2464. (15) Yeung, S. K.; Chan, K. S. Of-ganometalUcs 2005, 24, 6426-6430. 
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m hertz (Hz). High-resoluuon mass spectra (HRMS) were per- dark for 5 h. The orange red solid was isolated after column 
formed on a Thennofiimign MAT 95 XL in FAB (usmg 3-m- chromatography (11 mg, 0.011 mmol, 56%). 
trobenzyl alcohol (NBA) matrix and CHiClj as solvent) and ESI Method C. "Ir(ttp)BF/' (14.9 mg. 0.016 mmol) was dissolved 
(NleOH CHjCIj = 1:1 as solvent) modes. in benzaldehyde (1.0 mL). The red reaction mixture was heated at 
The CHA reactions were carried out in N j in dark with the 200 "C under N j in the dark for 2 h. The orange red solid was 
reaction flasks covered with aliimmiun foil. Unless otherwise stated, isolated after column chromatography (4.5 mg, 0.005 mmol, 30%). 
the reactions were carried in duplicate and the yields were the (5,10,15,20-Tetiatol)-poiphyiinato)(4-methosylbenzoyI)irid-
average results. The products w « e purified by column chroma- iuin(III), 4-MeOC6H4COIr(ttp) (2b). Method A. The suspension 
tography and ascertained to be pure by 'H NMR spectroscopy. ofIr(ttp)a(CO) (24.1 mg, 0.026 mmol) and anisaldehyde (1.0 mL) 
Preparation of Starting Materials. (5,10,15,20-Tetratol)-por- was heated at 200 °C under N j in the dark for 2.5 days to give a 
phyrinato)iridinm(in) Teti aflaoroborate, Ir(ttp)BFj/(CO)Ir- daric red solution. Excess anisaldehyde was removed by vacuum 
(ttp)BF4 (5). Ir(ttp)Cl(CO) (60 mg, 0.065 mmol) and AgBF4 (97.5 distiUation. The reaction mixture was then isolated by column 
mg. 0.50 mmol) was added into anhydrous CHjCl： (50 mL). and chromatography on silica gel eluting with a solvent mixture of 
the mixture was itirrcd for 2 days at room temperature. The color hexane/CH:aj (2:1) to give 4-MeOCsH,COIr(ttp) (2b) as an orange 
of the mixture changcd from red to reddish brown after 2 days. red solid (16.0 mg, 0.016 mmol. 62%), which was further 
Since the product was not stable during column chromatography rcciystallized from CHiClj/McOH. R f = 0.41 (1:2 hexant'CHj-
on sihca gel, the mixed products were isolated by filtration and Clj). »H NMR (300 MHz. CDClj): d 2.57 (d, 2 H , / = 8.7 Hz), 
purified by recrystallization from CHjClj/hcxanc. The product ratio 2.69 (s, 12 H). 3.45 (s, 3 H), 5.55 (d, 2 H, / = 9.0 Hz), 7.52 (d, 8 
was calculated from integration of the poiphjiin peaks on the iR H, = 8.1 Hz), 7.93 (d, 4 H, / = 7.8 Hz), 8.02 (d, 4 H, J = 5.7 
NNIR spectrum (49.1 mg. 0.052 mmol, 80%. ratio of Ir(ttp)BF4/ Hz), 8.64 (s, 8 H). "C NMR (75 MHz, CDClj): 6 22.2,55.5，111.2. 
(C0)Ir(ttp)BF4 was batch dependent, ranging from 3:1 to 10:1). Rf 118.9.124.4,128.2,132.0, 134.2,134.<5,138.0,139.4, 143.5, 157.4. 
= 0 . 4 1 (EA). iH NMR (300 MHz, CDClj): (A) peaks of(CO)Ir- HRMS (ESIMS): calcd for [C5sH43N402lr + H]+. m/z 997.3088; 
(ttp)BF4. 6 2.73 (s. 12H). 7.59 (t. 8H, J= 6.6 Hz), 8.07 (d, 4H. J found, ml: 997.3072. IR (KBr, ciQ-i): i<C=0) 1674 (s). Anal. 
= 1 1 . 7 Hz), 8.16 (d, 4H. J = 7.5 Hz). 9.08 (s. 8H); (B) peaks of Calcd for CstfHuNAOjIr: C, 67.52; H, 4.35; N, 5.62. Found C, 
Ir(ttp)BF4, d 2.72 (s, 12H). 7.59 (t. 8H, J= 6.6 Hz). 8.07 (d, 4H. 67.83; H, 4.45; N. 5.41. A single crystal for X-ray diffraction 
j= 11.7 Hz). 8.16 (d. 4H. J = 7.5 Hz). 9.02 (s, 8H). " C NMR analysis was grown from CHjClj/toluene. 
(100 MHz, CDCb): (A) peaks of (C0)Ir(ttp)BF4, d 141.6. 138.2, Method B. Ir(ttp)Me (26.6 mg, 0.030 mmol) was dissolved in 
137.5. 133.9,132 1. 131.3, 128.0.127.6, 122.8,21.7; (B) peaks of anisaldehyde (1.0 niL). TTie red reaction mixture was heated at 200 
Ir(ttp)BF4, 141.5, 138.4’ 138.0, 134.7, 133.7. 128.3, 127.7, 123.0’ � C under N j in the dark for 4 h. The orange red solid was isolated 
21.7. The existence of the CO group was demonstrated by both IR after column chromatography (22.1 mg. 0.022 mmol, 73%). 
(KBr. cm-i) v(C=0) 2063 (s) and the peak of the CO group found (5,10,15,20-TetiatoI>-poi-ph>i1nato)(4-methvlbenzo>-I)iridium-
m the 1 'C NMR spectrum o f 5 ( d = 131.3) (m) , 4-MeC«H4COL (ttp) (2c). Method A. The suspension of Ir-
Renrtion of Aiomadc Aldehydes with Ir(ttp)Cl(CO) and Ir- (ttp)Cl(CO) (22.5 mg, 0.024 mmol) and 4-methylbenzaldehyde (1.0 
(ttp)Me. (5,10,15,20-Tetratoh-poi-ph>Tinato)(benzoyI)iridium- mL) was heated at 200 °C under Nj in the daik for 4 days to give 
( in) , C»H$COIr(ttp) (2a). Method Al . Ir(ttp)Cl(CO) (20.4 mg, a dark red solution. Excess 4-metliylbenzaldeJiy(le was removed 
0.022 mmol) was added into benzaldehyde (1.0 mL). The red by vacuum distillation. The reaction mixture was then purified by 
suspension was then heated at 200�C under N j in the dark for 2 column chromatography on silica gel eluting with a solvent mixture 
days After 2 days, the mixture turned into dark red in color. Excess of hcxanc/CHiClj (2:1) to give 4-MeCsH4COIr(ttp) (2c) as an 
benzaldehyde was removed by vacuum distillation. The daik red orange red solid (10.0 mg. 0.010 mmol, 42%), which was further 
cnidc product was then purified by column chromatography on reoystallized from CHiCliMeOH. R f = 0.54 (1:2 hexaue/CHy 
siUca gel elutmg with a solvent mixture of hcxantCHjCh ^：!) to Clj). 'H NMR (300 MHz. CDCI3): d 1.88 (s, 3 H). 2.48 (d. 2 H, 
give C«H5C0Ir(ttp) (2a) as an orange red solid (13.2 mg. 0.014 7 = 8 . 0 Hz), 2.69 (s, 12 H), 5,78 (d, 2 H, J= 7.4 Hz). 7.53 (d. 8 
mmol 62%). which was further recrystallized from CHjClyMeOH. H. J = 7.7 Hz), 7.90 (d, 4 H , y = 6.6 Hz). 8.02 (d. 4 H , 7 = 6.2 R,= 0.67 (1:2 hexant/CHjClj).丨H NMR (300 MHz, CDCI3): d Hz). 8.63 (s, 8 H). " C NMR (100 MHz, CDCI3); d 21.3, 22.2. 
2.57 (d. 2 H. J= 8.1 Hz). 2.70 (s, 12 H). 5.99 (t. 2 H. J= 7.8 Hz). 116.8,124.4,126.7.128.1’ 132.0,134.2,134.6,138.0’ 139.5,143.5, 
6 42 (1 1 H , y = 7.8 Hz). 7.52 (t. 8 H. = (5.0 Hz). 7.96 (d, 4 H 167.6. HRMS (ESIMS): calcd for [CsiKijN^OIr + H]+’ m/z 
J 二 7.8 Hz), 8.01 (d, 4H. J = 7.8 Hz). 8.62 (s. 8 H). " C NMR 981,3139; found, m/z 981.3134. IR (KBr, cn r i ) : v(C=0) 1674 
(100 MHz. CDCl})： d 22.2. 116.9, 124.4, 126.1. 128.1. 132.0. (s), The sample for elemental analysis was grown from CHjCl：/ 
134.2, 134.6, 138.0, 139,4. 143.4 167.4. HRMS (ESIMS): calcd McOH and vacuum-dned at 100 "C for 2 days. Anal. Calcd for 
for (CjsH4iN40Ir+Na)+, ml: 989.2802; found. mJ: 989.2807. IR CjeH^N^OIr: C, 68.62; H, 4.42; N. 5.71. Found: C. 68.35; H, 
(KBr. cm"'): v (C=0) 1665 (s). The sample for elemental analysis 4.49; N, 5.59. A single crystal for X-ray diffraction analysis was 
and single crystal was grown from CHjCiytoluene, and X-ray grown from CHjCh/toluene. 
analysis showed that there was one toluene molecule/indium Method Bl. Ir(ttp)Me (13.6 mg. 0.016 mmol) was dissolved in 
porphyrin complcx. Anal. Calcd for CssH^iN^OIr-toluene: C. 70.36; 4-methylbenzaldehyde (1.0 mL). The red reaction mixture was 
H. 4.67; N. 5.29. Found: C. 70.68; H. 4.89; N. 4.94. heated at 200 °C under N2 in the dark for 6.5 h. The orange red 
Method A2. Ir(ttp)Cl(CO) (14.8 mg. 0.016 mmol) and 10 equiv solid was isolated after column chromatography (7.9 mg, 0.0080 
of 2,6-di-/«rr-butylpYndine were dissolved m benzaldehyde (1.0 mmol, 52%). 
mL). The red reaction mixture was heated at 200 °C under N： in Method B2. Ir(ttp)Me (17.4 mg. 0.020 mmol) and 10 equiv of 
the daric for 1.5 days. The orange red solid was isolated after column 2,6-di-fert-butylpyridine were dissolved in 4-methylbenzaldehyde 
chromatography (11.4 mg, 0.012 mmol, 74%). (1.0 mL). The red reaction mixture was heated at 200 under Nj 
Method Bl. Ir(ttp)Me (14.8 mg. 0.017 mmol) was dissolved in in the dark for 9 h. The orange red solid was isolated after column 
b«izaldfhyde (1.0 mL). The red reaction mixture was heated at chromatography (10.0 mg. 0.010 mmol, 51%). 
200 under N： in the dark for 5 h. The orange red solid was (5,10,15,20-Tetratolyporphyrinato)(4-/m-butylbenzo�,l>irid-
isolated after column chromatography (11 mg, 0.011 mmol, 71%). ium(III), 4-/^r/-BuC6HiCOIr(ttp) (2d). Method A. The suspcn-
Metbod B2. Ir(ttp)Me (17.8 mg, 0.020 mmol) and 10 equiv of sion of Ir(ttp)Cl(CO) (37.2 mg. 0.040 mmol) and 4-fcr/-biitylb«i-
2,6-di-r«rr-butylpyn<iine were dissolved in benzaldehyde (1.0 mL). zaldehyde (1.0 mL) was heated at 200�C under N j in the dark for 
The red reaction mixture was heated at 200 °C under N： m the 1.5 days to give a dark red solution. Excess 4-fm-butylbcnzalde-
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hydc was removed by vacuum distillatioa The reaction mixture for elemental analysis was grown from CH^Clj/MeOH and vacuum-
was then isolated by column chromatography on silica gel eluting dried at 100�C for 2 days. Anal. Calcd for ChH^oNaOCIIt: C, 
with a solvent mixture ofhexan&'CHjClj (2:1) to give 4-'BuC6H4- 66.02; H, 4.03; N, 5.60. Found: C. 65.62; H, 4.03; N. 5.27. A 
COIr(ttp) (2d) as an orange red solid (19.5 mg, 0.019 mmol 47%), single oystal for X-ray diffraction analysis was grown from CHj-
which was ftutfacr recrystallized from CHjCh/MeOH. 0.64 Ciytoluenc. 
(1:2 hcxanf/CHjCy. 'H NMR (300 MHz, CDClj): <5 0.957Js. 9 Method B. Ir(ttp)Me (20.8 mg. 0,024 mmol) was dissolved in 
H). 2.56 (d. 2H,J= 8.1 Hz), 2.77 (s, 12 H). 5.99 (d. 2 H’ • /= 8.1 4-chlorobenzaldehvde (1.0 mL). The red reaction mixture was 
Hz), 7.52 (d, 8 H, 7 = 8 . 1 Hz). 7.95 ( d , 4 H , 7 = 6.9 Hz). 8.02 (d, Seated at 2 0 0 � C under N j in the dark for 18 h. The orange red 
4 H, = 7.2 HzX 8.62 (s 8 I ^ ^ H I ^ S (ES|MS); calcd for solid was isolated after column chromatography (15.0 mi?. 0.015 [C59H49N40Ir + H]+’ m/r 1023.3608; found, m/z 1023.3603. IR 匪qI. 63%). 
SyoTJfro^cSih/MeOH^^S ariOO^cS = 二 (5,10a540-TenMol5Toiph^ >i^ ^ 
for 2 days. Anal Calcd for C^fUN+OIr: C, 69.32; H. 4.83; N, benzoyI)iridiuin(III), 4-CF3C«H,COIr(ttp) (2g). Method A. The 
5 48 Found- C 69 20; H 4 88; N. 5.25. A single ciystal for X-ray suspension ofIr(ttp)Cl(CO) (30.6 mg, 0.033 mmol) and 4-(a.a,a-
diffraction analysis was grown from CH,Clj/toluene,THF. tnfluoromethyObenzaldehydc (1.0 mL) was heated at 200�C under 
Method B. Ir(ttp)Mc (25 3 mg. 0.029 誦ol) was dissolved >n N： in the dark to 6 h to ^ x j a dark r«l solution. Excess M a , a , a -
4-奶-butynxmalihvdc (1.0 mL). The red reaction mixture was tnnuoromethyl)benzaldeh>^ was removed by v a c u ^ distiUation. 
heated at 2 0 0 � C under N j m the dark for 31 h. The orange red 版啦c的n mixture were then isolated by column chromatography 
solid was isolated after column chromatography (22.0 mg, 0.022 ^ 仙�a gel s o l v i t mixture of hexane/CH,Cb (2. 腿ol 74�,�). e r J 1) to give 4-CF3C«H4COIr(ttp) (2g) as an orange red solid (24.0 
- , L J w, , . .vsj j , me, 0.023 mmol, 70%), which was further recrystallized from 位 � 邵 c k c h M c O K R； = 0 56 (1:2 h™CH:Cl：).丨H NMR (300 
(HI). 4-FC«H4COIr(ttp) (2e) Method Al . The suspension of Ir- “ ‘ ^ , � 2 74 (d , i i ) = 8 , Hz) 6 03 (ttp)Cl(CO) (17.8 mg. 0.019 mmol) and 4-fluorobcflzaldehyde (1.0 ； J ' , ' ' fiiSw osTd 4 H 7 -was heated at 200 under N, in the dark for 15 h to give a (/彳，品� S � f ) 7 ( t , _ 8 H J - 6 6 Hz) 7 9 . ( ^ 4 dark red solution. Excess 4-fluorobenzaldeh>-dc was removed by 芭丄]??;� , ？L r广 i “ 二8巧’ ？.二,?’丄。"1，？ 
^ c u u m dishllation. The reaction mixture w e then punfied by O^ABMS): calcd for [C5卞0N4OF剩m/z 1034.2778; found m.'z colunmchromatographyonsihcagddutmgwithasolvmtmixturc i'^l^^^Pl ^^  
ofhexane.'CH:Cl2 (2:1) to give 4-TC^C01i(Xtp) (2e) as an orange C5«H«N40F3lr C, 6x04; H, 3.90; N. 5.41. Found: C, 65.52; H, 
red solid (17.4 mg, O.OIS mmol. 92%). which was further 4.04: N. 5.3(5. 
recrystallized from CH^Ch/MeOH. Rf = 0.56 (1:2 hcxane/ Method B. Ir(ttp)Me (21.3 mg. 0.024 mmol) was dissolved in 
CHjCli). >H NMR (300 NlHz. CDCU): d 2.52 (dd, 2 H, 7 = 3.3, 4-(a,a,a-trifluoromethyl)benzaWehyde (1.0 mL). The red reaction 
5.4 Hz). 2.70 (s. 12 H). 5.69 (t, 2 H, / = 8.7 Hz), 7.54 (t. 8 H mixture was heated at 200�C under Nj in the dark for 15 h The 
J =6.6 Hz), 7.96 (d, 4 H. J = 8.4 Hz), 8.01 (d, 4 H . y = 7.8 Hz), orange red solid was isolated after column chromatography (15.7 
8.66 (s, 8 H). "C NMR (75 MHz, CDCI3): b 22.1’ 112.7 (d, mg, 0.015 mmol�62%). 
J = 11-0 Hz). 119.0 (d, J = 4.0 Hz), 124.4. 128.1 ( < ! , / = 3.2 Reaction of Aliphatic Aldehydes with Ir(ttp)CI(CO). (5,10,-
Hz). 132.0, 134.3 (d. J= 9.8 Hz). 138.0, 139.2. 143.3’ 158.7. 15,2(^TemitohpoiphjTmatoXetiivlformvI)iridium(III), CHjCHj-
HRMS (ESIMS): calcd for [ C s sH ^ a O F I t + H \ \ m/z 985.2888; cOI i (ttp) (3): Method A. Ir(ttp)Cl(CO) (19.6 mg, 0.021 mmol) 
found^ m/z 985.2882. IR (KBr, on—): v(C=0) 1682 (s). A smgle 職 dissolved in propanal (1.0 mL). and the mixture was heated at 
crystal for X-ray diffraction analysis was grown from CHjClj/ 2OO under N： in the daik for 2 days. Excess propanal was 
toluene. removed by vacuum distillation. The reaction mixture was then 
Method A2. Ir(ttp)Cl(CO) (15.3 mg, 0.016 mmol) and 10 cqwv isolated by column chromatography on silica gel eluting with a 
of 2’6-di-/m-butylpyndmc were dissolved m 4-nuorobenzaldehydc solvent mixture of hcxane,CHjCl： (2:1). (The silica gel was first 
(1.0 mL). The red reaction mixture was heated at 2 0 0 � C under Nj deactivated by the addition of water (5 mL of water/100 g of silica 
m the dark for 12 h. The orange red solid was isolated after column 各亡丨)）^ [ed solid. CH3CH:C0Ir(ttp) (3) (11.4 mg. 0.012 mmol. 
chromatography (11.0 mg, 0.011 mmol. 68%). 58%). was collected and was further recrystallized from CHiClj/ 
Method B. Ir(ttp)Me (22-0 mg. 0.025 mmol) was dissolved in MeOH. Rf = 0.66 (1:2 hexane/CHjClj). 'H NMR (300 MHz, 
4-fluoroboizaldehy<k (1.0 mL). The red reaction mixture was CDCI3): d -3 .20 (q. 2 H , J = 7.2’ 7.5 Hz), -1 .71 (t, 3 H. J= 7.2 
heated at 200�C under N j in the dark for 1.5 h. The orange red HZ), 2.69 (s. 12 H), 7.52 (d. 8 H . J = 8 . 1 Hz). 8.02 (d. 8 H , J = 
solid was isolated after column chromatography (21.7 mg. 0.022 7 5 Hz), 8.67 (s, 8 H). HRMS (FABMS): calcd for [CsiH^ihUOIr 
匪oL 88%). + H]+, m/z 919.2982; found, m/z 919.2973. Anal. Calcd for 
(5,10.15.20-TetratohT)orph>i1natoK4-<-hlorobeDZoyI)iridiuin- CsiH^iR^OIr: C, 66.72; H. 4.50; N, 6.10. Found: C，66.89; H, 
(HI). 4-CIC»H4COIr(ttp) (2f). Method A. The suspension Ir(ttp)- 4.50； N, 6.24. IR (KBr, cm"'): i’(C=0) 1682 (s). 
Cl(CO) (22.5 mg, 0^24 mmop and ^^hlorobenzal^hyde (1.0 mL) Method B. Ir(ttp)Mc (20 mg’ 0.023 mmol) was added mto 
was heated at 200 X under N： in the daA for 1.5 days to gu^c a 丨力 The red reaction mixture was heated at 200�C 
dark red soluuon. E x ^ s 4-cliloroben^ldeliy(te was removed by ； N j in the dark for 2 days. Excess propanal was removed by vacuum disdllat^ on. ^e rcacnon imxtoc were then isolated by •職 distillation. The orange red proL? was then isolated by 
on a g j l ^ ^ ^ u j n g a cohmm chromatography on J c . gel duting with a solvent mix 膽 
二眾二 二 试 r : ， ； = 二f^t . ™ , 
rccrvstaUized from CHjCljMcOH. R, = 0.72 (1:2 hcxane'CH：- th^addrtum ofwater (5 ’ ofwaer/lOO g of^ l ica gel)). Red CI：)： >H NMR (300 MHz. CDCI3): d 2.47 ( d . 2 H . 7 = 8.1 Hz), solid 3 was collected (11 ) mg. 0.012 mmol. 55%). 
2.70 (s, 12 H). 5 97 (d. 2 H, • / = 8.1 Hz), 7.55 ( t , 8 H , / = 7.4 Hz), X-ray Stnicture Determination. All smgle crystals were 
7 92(d 4 H. J= 7.8 Hz), 8.02 ( d . 4 H , 7 = 7.5 Hz). 8.66 (s，8 H). immersed in Paraton-N oil and sealed under N j in thin-walled glass 
»C NMR (75 MHz, CDClj): d 21.9, 117.9, 124.1, 125.9, 127.8. capiUanes. Data were collected at 293 K on a Brukcr SMART 1000 
128.0, 131.8, 133.8, 134.2. 137.8, 138.9, 143.0, 165.9 HRMS CCD diffractomctcr using Mo K a radiation. An empirical absorp-
(ESIMS): calcd for [C55H4oN40CUr + H]+. m/z 1001.2593; found tion correction was applied using the SADABS program.'® All 
m/z 1001 2600. IR (KBr, cm"'): »<C=0) 1663 (s). "Die sample structures were solved by direct methods and subsequent Fourier 116 
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Table 5. Crystal Data and Summary of Data Collection and Refinement for 2 a - f 
F ^ Y l i F x D j G f . « k o . 3 o 
^ ^ '"58.25 996.14,. . 1016.18 1094.33 1076.24 109") 69 
；^ o d m i c ^ o c l u u c ^ o c l i m c monoclimc monocluuc m ^ ^ c 
喷 ？?-222(4) 22.280(2) 13,5262( 8) l g . 3 o S s i S g 益聊） g卿） 20.692(3) 2^ 902^  
？S舞 恐 424(2) 9Um) 96.397C) 99.762(3) 99.05(3) 益.714(4) 
| ’ r � ^895.5(9) 严 . 6 0 5) 4791.1(9) 5695.3(13) 4899.7(17) 4946.8(16) 
A - C ^ M ^ W 1-436 1.169 1.409 U 7 6 [ 4 5 9 1467 
riduUonWXA 0.710 73 0.710 73 0.710 73 0.710 73 0 710 73 0 ^ 0 73 
？(^‘：’ ' 1,74-25 00 1.51-25.00 105-25.00 ？：72- .00 
KcoUcd g 各 fS ？?7� 
mdpndtreflcm 8607 4996 8424 10036 8 6 ^ m s 
P ^ T ^ ' ？?S細 的 = 湖 = 纖 溫 隱 8^/622 
0.0835 0.0911 0:1228 O l U i o i l 9 1 i .盟 s wR:»(aU(Ua) 0.1211 0.2055 0：1782 0.2716 o i S 00983 
们 〜 0 0243/24.8934 0.1033/64.7479 0.0632/31.2667 0.130&34.8201 0:0596/0.0000 0:0368/2.8972 
‘=即IF�I - l^ clD'^ IFol- »wRj = {ItMFoJ - C Weighting scheme h-I = + (y^'^pp + w：尸,wher P= (F��+ 
difference techniques and refined anisotropicaUy for all non- Acknowledgment. We thauk H. S Chan for the X-ray 也 ? f S ^ a ^ by fUll-matnx c a l ^ t i o n s onFjusmg oystallographic drtcnniuation and theResrarch Grants Council 
the SHELOTL program {Mckagc.i All h>;^og«i atoms were of the HKSAR of China (CUHK 400105) for financial support 
geomctncaUy fixed using the ndmg model. X-ray data are listed ^ ^ 
m Table 5. CIF files have been deposited in Cambridge Crystal- Supporting Infoimntion Available: Text, tables, and figures 
logiaphic Data Centre (CCDQ with reference nos. CCDC 628255- of crystallographic data for complexes 2 a - f (CIF and PDF) " C 
628260 corresponding to complexes 2 a - f , respectively’ These data NMR spcctxa for 1. 2e. and 5. >H NMR spectra for 2e and S and 
can be obtained fr« of charge at www.ccdc.cam ac .ulL conts/ an IR spectnim for 5. TTiis material is available free of charge via 
rctriev-mg html (or from the Cambridge Ciystallographic Data the Internet at http://pubs.acs.org 
Centre. 12 Union Road. Cambridge CB2 lEZ. U.K (fox. (intcmat.) 
(+44)1223-336-033; e-mail, deposit@ccdc.cam.ac.uk). OM0<50849+ 
(16) Sheldnc^ G ^ N t SAD^: Progtvm Jbr Empirical Absorption (17) Sheldrick, G. M SHEIATL 5.10 fov windows NT- Structure Con^tici ^ita Dtnctor Data: Umvenity o f CJottingen: Getting叫 Dtm-rnirntion So^-t Programs-, Bniker Analytknl X-ray Syvtcms 
Owmaay, I f w . Inc : Nfadison,賊 1997. 
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X-ray data and structure 
CM 
Figure 1. ORTEP of complex QHsCOIrCttp) 2a, showing the atomic labelling scheme 




Figure 2. ORTEP of complex 4MeOC6HtCOIr(ttp) 2b, showing the atomic labelling 
scheme aiid 30% probability displacement ellipsoids. Selected bond lengths (A) Ii(l)-




Figure 3. ORTEP of complex 4-MeC6H4COIi<ttp) 2c, showing the atomic labelling 
scheme and 30% probability displacement ellipsoids. Selected bond lengths (A) Ii(l)-




Figure 4. ORTEP of complex 4-^BiiC6H4COIi(ttp) 2d, showing the atomic labelling 
scheme aiid 30% probability displacement ellipsoids. Selected bond lengths (A) Ir(i)-




Figure 5. ORTEP of complex 4-FC6H4COIr(ttp) 2e, showing the atomic labelling 
scheme aiid 30% probability displacement ellipsoids. Selected bond lengths (A) Ir(l)-




Figure 6. ORTEP of complex 4-ClC6H4COIr(ttp) 2f, showing the atomic labelling 
scheme and 30% probability displacement ellipsoids. Selected bond lengths (A) Ir(l)-
C(61) = 1.970(3). 
S16 
123 
Table 1. Crystal Data niid Smiinmry of Data Collection and Refinement for 2a-2f 
p n p b p c r id r ^ r s 
color, Piuple Purple Purple Prism Piuple PrismPurple Piuple 
shape Prism Prism Prism Piisin 
empiricalC55H4iN40Ir C56H43N4 CsgHAsNiOIi.. C»H49N40Ir- C55H40N4OF C55H40N4O 
fomiula -CeH? O I^r 2H2O C4H8O Ii^CtHs CUrCvHg 
formula 1058.25 996.14 1016.18 1094.33 1076.24 1092.69 
wt 
Temp(K) 293 (2) 293l2) 2 9 3 ^ 2 9 3 ^ 293 ( ^ 2931^ 
waveleng0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 
tli(A) 
ayst syst monoclinic mouoclin monocliiiic monoclinic mouocliiidc mouocliiiic ic 




'ViK) 11.4151 (12) 8.8390 13.8753(15)20.648 (3) 11.338(2) 11.239(2) 
(14) 
T O ^ 17.8705(18) 28.222 22.280 (2) 13.5262(18)18.307 (4) 18.548 ( 3 ) ~ 
� 
24.260 (2) 22.931 15.5951(16) 20.692 (3) 23.902 (5) 24.007 (5) 
(4) 
a (deg) ^ ^ ^ ^ ^ W 
p (dee) 98.424 (2) 98.215 96.397 (2) 99.762 (3) 99.05 (3) 98.714(4) 
^ (3) 
r(deg) ^ W ^ ^ ^ ^ 
Volunin 4895.5 (9) 5661.6 4791.1 (9) 5695.3 (13) 4899.7 (17) 4946.8 (16) 
( A 、 (15) 
~Z 4 4 4 4 4 4 





abs coeff 2.774 ZSM 2J88 T f f 6 
(imii-i) 
F(000) 2136 2224 2 1 ^ 
cryst s i z e 0 . 4 0 x 0.30 0.40 x 0.30 x 0.20 x 0 . 4 0 x 0.30 x 0.5 x 0.4 x 0.3 x 0.2 x 
(null) xO.20 0.30 x 0.20 0.20 0.3 0.1 
0.20 
~ e r a n g e 1.42 t ^ 1 . 4 4 t o " 1.74 to 2 5 . 0 0 1 . 5 1 to 25.00 2.05 t ^ 1.72 to" 
for data 25.00 25.00 25.00 25.00 
collection 
(deg) 
limiting -13 = h = 1 3 - 1 0 = h = - 1 3 = h = 1 6 - 2 0 = l i = 2 4 0 = h= 13 -13 = l i= 13 
indices 9 
-21 =k = 2 1 - 3 2 = k = -25 = k = 2 6 - 1 6 = k= 1 5 0 = k = 2 1 -18=k = 22 
33 
-28=1=21 -27 = 1 = -18 = 1= 18 -24 = 1= 23 -28= 1= 2 8 - 2 8 = 1 = 2 8 
22 
l i o . ^ 26038/ 15163/ 25751/ 30255/ 9106/ 2 6 ^ 
ifliis 
collected/ §607 4996 8424 10036 8639 8715 
luiique [R (j^ )^ = [R (int) = [R (int) = [R (iiit) = [R (iiit) = [R ( h i t ) = 
0.0460] 0.0609] 0.0865] 0.0619] 0.0802] 0.0627] 
c o m p l e t e 9 9 . 8 % 100.0 W s ^ I ^ O 
uess to 0 
=25 
absoip SADABS SADAB SADABS SADABS Empirical SADABS 
con. S 
max. and 1.000 1.0000 1.000 and" 1.000 aiid" 1.0000 aud~~1.000and 
mill. 0.728164 and 0.393679 0.415676 0.83116 0.301541 
trausiim 0.444067 
refmeme Full-matrix Full- Full* matrix Full-matrix Full" matrix Full-matrix 
nt method least- matrix least-wquares least-wquaies least- least-
wquares on least- on F- ou F- wqiiares on wquares on 




"ua of I 8607 / 20 / I 4996 /0 / 8424/0/577 10036 / 24 / I 8639 / 13 / I 8715 / 7 / 
data/ 613 289 631 622 622 
restraints/ 
params 
GOF 1.079 1.136 1.044 1.057 
fmal R R l = 0.0524 ^ ^ R1 = 0 . 0 5 9 3 R 1 = 0 . 0 7 9 7 R l = 0.0512 R l = 0.0404 indices 0.0650 
[r>2s(I)] 
wR2 I wR2 ^ wR2 ^ wR2 ^ 
0.1052 0.1837 0.1369 0.2214 0.1206 0.0843 
R indices ' W “ R l = 0.1228 R1 = 0 . 1 3 4 5 R 1 =0.1191 R l = 0.0735 (aU data) 0.0835 0.0911 
wRZb 厂 wR2 ^ wR2 ^ wR2 ^ wR2 ~ 
0.1211 0.2055 0.1782 0.2716 0.1425 0.0983 
largest 2.799 and - 2.956 1.461 and - 2.527 and - 1.077 and • 0.93laud -
diff peak 1.664 and - 2.035 2.447 1.222 0.661 
and hole 2.143 
(eA3) 
wi/W2 ’ 0 . 0 2 4 3 / 2 4 . 8 0 . 1 0 3 3 / 6 0 . 0 6 3 2 / 3 1 . 2 6 0 . 1 3 0 8 / 3 4 . 8 2 0 .0596/0 .000.0368/2 .89 
934 4.7479 6 7 01 00 72 
= 1 IkoH^cD/Il^ol • - k k ^ o ^ weighting scheme 
S9 
126 
- I ' M 仰 03(1) -3.0(2) 
M 卿 糊 • 糊 0 糊 聊 
^ ) ^ ^ … ^ ^ ^ ^ ^ W ) 
-6.7(2) -5.2(7) 4 . 3 � - 9 . 6 ( 3 ) 
PhCOIr(ttp) 2a 4-MeCeH4COIr(ttp) 2c 
-0.9(0) -4.8(9) 
广 y 7.8(7) 9 9(0) 
Td. 4.7(8)/ ⑷ 丁 饮 
71.6° TOI -0.5(1)/ 2-5 W o ) /To) ^ 
-1-9(8八 2.8(8)斤⑶ • . 
1.0(1) -0-8(0) 7.3^0(7) 
4-'BiC8H4COIr(ttp) 2d 4-FC6H4COIr{ttp) 2e 
10.3(4) 6 1(9) 
Tol 0.38(^ 2.4° \o 2(0) TOI 
O 9.柳 V t J ^ w ) 
0 . 2 ( 9 ) 厂 卿 





Figure 4 The conformation of the poiphyiin in 2a, 2c, 2d, 2e and 2f , showing tlie 
displacemeits of the core atoms and of Ir fi,om the 24-atom least-squares plane of the 
prophyriii core (in pm; positive values correspond to displacement towards the aiyoyl 
ligaiids). Absolute values of the angles between the pyrrole lings and tlie least squares 
plane of the 24-atom porphyrin core are shown in bold, and absolute values of the angles 
between the least-squares plane of the phenyl substitiieuts and the 24-atom least-squares 
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� c N M R spectmm for (CO)Ir(ttp)BF4 + Ir(ttp)BF4 (5) (partly enlarged) 
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The peak belonging to CO group iu (CO)Ii(ttp)BF4 was observed in ^^C N M R spectrum 
comparing to the " c N M R spectrum of Ir(ttp)Cl(CO). More direct evidence comes from 
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